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THE STAFF . 
Richard Armacost, Paul Klinge, John Breukelman, Alfred Stockard, and the Director, Richard L. \Weaver 
t 
PREFACE 
Ever since its organization in 1938, The tivity was made possible by a $10,000 grant 
National Association of Biology Teachers from the American Nature Association. 
has kept as its foremost aim the improvement In the spring of 1954, the National Science 
of biology te aching at all levels, particularly Foundation announced a grant of $15,000 to ( 
at the high school level. The membership of — finance a ten-day work conference, to be held | 
‘the organization consists of elementary, high at the University of Florida 1 preceding the an- 
school, and college biology teachers, as well nual meeting of the American Institute of Bi- ke 
as many others interested in the improvement ological Sciences, of which NABT is a mem- a 
of teaching. One of the first acts of the or- ber. The report of this conference, under - 
ganizational meeting in 1938 was the establish- the joint direction of Richard L. Weaver and I. 
ment of an official journal, The American Samuel L. Meyer of Florida State University, 
Biology Teacher. Ever since the first issue was printed as the January, 1955, issue of Vix 
October 1938, this journal has been pub- American Biolog) Teacher. 
lished through the school year, from October last vear the National Science Foundation 
to May. Through its journal and through awarded NABT a second $15.000 grant to fi- 
standing and special committees, NABT has nance a conference to be held in Michigan 
contributed much, not only to teaching tech- preceding the 1955 meeting of AIBS in East 
niques and materials, but also to a better un- Lansing. The planning committee for this 
derstanding ig among teachers at the various conference, which met in Chicago in Febru- 2. 
levels. ary, 1955, chose as the site of this meeting the 
One outstanding special committee of the University of Michigan Biological Station, 
National Association of Biology Teachers was Douglas Lake, Michigan. The committee de- 
that on conservation education, which under cided to base the deliberations on the follow- . 
the direction of Richard L. Weaver has com- ing five areas of applied biology: health and 
pleted a three-year nation-wide study of con- disease, human genetics, the food supply of , 4. 
servation te: aching in the public schools, and 
anavoed CACHING onservation ald 
recently has published a handbook on teach- Resource-Use, The Interstate Printers and Publishers, 
Ing conservation and resource-use.' This ac- Danville, Illinois, 1955, $4.00. 
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V olumn No. 1 INTRODUCTION 5 
nan, plants and man, conservation. It was Arthur Baker, Past President NABT; Muriel 
greed that this emphasis on applied biology Jeuschlein, Secretary, Steering Committee; 


would encourage further exploration of the 


ireas of basic biology studied in the Florida 


1954. 

The planning committee chose Richard L. 
Weaver as director and John Breukelman as 
chairman of the steering committee. Other 
staff were Richard Armacost and 


in 


members 


Paul Klinge, Co-editors of The American Bi- 
ology Teacher, and Alfred H. Stockard, Di- 
rector of the Michigan Biological Station. 


\luch credit for the success of the conference 
goes to Dr. Stockard. The excellent facilities 
of the station, with all participants living on 
the campus and eating at the station cafeteria 
contributed greatly to effective group work. 
other members of 
were as follows: 


President NABT; 


In addition to the staff, 
the steering committee 
Brother H. Charles, F.S.C., 


George W. Jeffers, Longwood College, Farm- 
ville, ’ Virginia; Irving C. Keene, Brookline 
High School, Brookline, Massachusetts; How- 
ard M. Phillips, Dean, Graduate School, 
Emory University, Georgia, Harvey Stork, 
Carleton College, Northfield, Minnesota; and 
Paul V. Webster, Secretary- Treasurer NABT. 

The editorial committee responsible for the 
1955 report consisted of ABT Co-editors 
Richard Armacost and Paul Klinge, Richard 
L. Weaver, and John Breukelman. Photo- 
graphs for the report were taken by Richard 
LL. Weaver. 

Copies of the report can be secured from 
Paul Webster, Secretary-Treasurer NABT, 
Bryan City Schools, Bryan, Ohio. 

John Breukelman 
Chairman, Steering Committee 


Introduction 


Objectives of the Conference 
Four objectives, very similar to those se- 
lected for the Southeastern Conference, were 


reed upon for the North Central Confer- 


ence. hey were: 
lo study the contributions of biology to 
living, and to develop a set of basic prin- 
ciples and practical experiences which 
ire essential for biology teachers and 
pupils. 
Ihe areas selected were: 
conservation of natural resources; food 
supply of man, plants and man; human 
inheritance; and health and disease. 
lo analyze and select some of the most 


important problems of biology teaching 

1t various levels of instruction and in State 

Departments of Public Instruction. 

lo develop a set of recommendations for 
the solution of the selected problems. 

+. Lo formulate plans by state teams for im- 


plementins the 


recommendations. 
It was recognized at the conference that not 
the North Central Conference 
Report would have access to copies of the re- 
port on the Southeastern Conference, so some 


ill readers of 


material from the first conference would have 
to be included in this report, particularly in 
the section on “Recommendations.” 


Selection of Participants 

leams of participants were selected from 
the ten North Central States by the Director 
and staff members from lists of people nomi- 
nated by members of the Steering Committee, 
and by representatives of the State Depart- 
ments of Public Instruction, state and national 
professional organizations such as the Ameri- 
can Institute of Biological Sciences, the Na- 
tional Science Teachers Association, the 
American Nature Study Society, the Central 
Association of Science and Mathematics 


leachers, the American Association for the 
Advancement of Science, and the National 
Research Council. 

Each team was composed of two or more 


high school teachers or teachers in training, 
two to four college teachers of biology and 
or science education, and professional ‘educa- 
tors and public school administrators. In 


cases where it was not possible to fill state 
quotas or distribution patterns, substitutions 
were made from other states and other catego- 


we 
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ries. Six or seven persons who expressed a 
specific interest in attending the conference 
were also included. 

Leaders were chosen largely from the of- 
ficers of the National Association of Biology 
Teachers or other organizations cooperating 
with them. 


Organization and Execution of Conference 
Plans 
Part I 

Each of the five scientists who served as 
consultants was asked to prepare a working 
paper in the area he represented, to include 
the following: 
1. The essential subject matter necessary for 

the preparation of the high school teacher. 


2. Recent scientific developments of signi- 
ficance to that area, and 


ws 


The experiences and methods by which 
such content might be transmitted to stu- 
dents. 

The 90 participants were placed in five 

groups with as great a distribution geograph- 

ically and professionally as possible. 

The consultant and his recorder met with 
each group for two hours to discuss the con- 
tent of the paper and for two more hours to 
discuss ways of teaching the material to 
teachers or to high school students. 

The recorders were charged with the re- 
sponsibilty of recording the teaching sug- 
gestions of the groups, w hile the consultants 
incorporated any new ideas of the groups on 
content in revised versions of their papers. 
These revisions are presented in this report. 


Thus each topic received twenty hours of 


consideration at the conference since each 
consultant repeated his presentation five times. 
Richard Armacost, one of the five staff mem- 
bers, arranged for the selection and orienta- 
tion of the consultants and coordinated this 
part of the conference. 


Part Il 
A. Selection of Problems 
Prior to the conference the Director - 


pared a summary of the problems covered 1 
the Southeastern Conference. Included were 


problems considered important, but for which 
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there were no recommendations because of 
lack of time. 

The summaries were sent to all the partici- 
pants prior to the conference, with instruc- 
tions to indicate priority of interest and to 
add new problems. 

Paul Klinge, another staff member, com- 
piled the suggestions on problems and _pre- 
pared an organizational pattern for use by 
the participants. The staff, group leaders, and 
recorders for Part II of the conference as- 
sisted Klinge in organizing the problems for 
consideration. 

The participants were rearranged into four 
groups for consideration of the problems in 
Part II of the conference. Chairmen and 
recorders were selected. 

One session of two hours was used by the 
four groups to consider the problems as or- 
ganized and presented by the staff on the 
basis of pre-conference questionnaires. The 
groups indicated their suggested changes and 
priorities. The four groups then assembled to- 
gether at a second session to select the final 
problems for discussion. Many large problems 
were broken down into smaller problems to 
be studied. 

These groups then met in two-hour ses- 
sions seven times, plus numerous small group 
sessions to prepare special parts of the recom- 
mendations on problems of their specific in- 
terest. 


B. Preparing Recommendations 

[he four groups considered all of the 17 
problems selected and made recommendations 
on each. The four groups used four different 
methods of procedure in arriving at their 
group recommendations. 

One group explored each problem by dis- 
cussion and summarized tentative recom- 
mendations on a blackboard. They then sub- 
divided into small groups to edit a written 
report hich was brought back to the group 
for approval. An observer assisted this group. 


Another group also discussed all the prob- 
lems serially as listed. Occasionally one or 
two participants would volunteer to work be- 
tween sessions to word a statement that would 
represent the opinion of the group. Near the 
mid-point of the seven working sessions, re- 
lated questions were grouped into five sec- 
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NABT 


President Brother Charles; First Vice-President Edna Higbee; 


First Row: 
Larsen 
Second Row: 
ind Secretary 


Co-F ditor, Richard Armacost; 
Treasurer, Paul Webster. 


tions. This group then formed five committees 
of three participants each, each committee to 
be responsible for summarizing one section 
of the 


problems. One or more members of 


each committee then kept notes on the dis- 
k-ach sub-committee then wrote a re- 


port on its section. The last session was de- 


cussion 
voted hearing each committee's report and 


umending it as seemed necessary. 


\ third committee took up the problems 
sequentially and formulated their recom- 
mendations as a group with the use of the 
blackboard. The chairman and recorder proc- 
essed the material between sessions and re- 
ported the edited results to the group for 


and changes as needed. 

[he fourth group discussed the questions 
long enough to ascertain the interest of in- 
dividuals in the various problems. Then they 
elected to work in small groups to prepare 
which 
later presented and edited by the entire 


recommendations on specific items 


were 


group 


( Welding Reconmmendations 


| hree sessions of two and a half hours each 
were used to present the group reports and 


INTRODUCTION 


Third Vice-President Robert Smith; Past President 


OFFICERS 


Second Vice-President Enid 
Arthur Baker. 


Managing Editor, Muriel Beuschlein; Co-Editor Paul Klinge 


to decide on which parts to use in the final 
report or what changes to make. The chair- 
men, recorders, and staff coordinator, Paul 
Klinge, rewrote the group reports into one 
report, incorporating the changes agreed upon 
by all the participants. This was done during 
state team meetings. 

[he final report was retyped and dis- 
tributed to all participants for consideration 
at the final session of the conference, where 
final agreement was reached after certain 
changes were suggested and approved. 


State Team Plans 


Each state team met in a two-hour session 
to decide on how to implement the confer- 
ence recommendations. 


Robert Koopman of the Michigan Depart- 
ment of Public Instruction and Richard Ar- 
macost assisted the state teams in the prep- 
aration of their reports. Chairmen selected by 
the teams met with the two staff members at 
dinner to share their findings, and to prepare 
plans for presentation of a report to all par- 
ticipants in a general session. 

While the individual state plans are not 
included in this Report, Dr. Koopman’s Sum- 
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mary includes all of the suggestions in them, 
and serves as a blue-print of action for all 
participants. If you live in any of the ten 
states included in the conference and want 
to help in your own state program of Im- 
provement of Biol gy Teaching feel free to 
contact members of the state team to volun- 
teer your services. 

Conference Evaluation 


Both parts of the conference were evaluated 
by a variety of techniques including check- 


= 


sheets and small group interviews. An eval- 
uation committee consisting of two general 
consultants and a representative from each 


group was set up at the beginning of Part II. 

The evaluation responses were highly ap- 
proving of the general worth-w hileness of the 
of the 


high school] 


selection of 
and col- 
field 
[here was 


conference experience, 
participants from both 
lege groups, and of the choice of a 
station as a site for the conference. 
some feeling that there should have’ been 
greater representation of elementary science 


teachers and of state department le: idership. 


[he constructive suggestions dealt mainly 


with how to create a conference structure, 
that would facilitate to the greatest extent, the 
efforts of the participants to achieve the pur- 
poses of The Conference. The use of the con- 
sultants ¢ valued, but it 
that the lecture technique did not result in 
full use of their Another problem 
to utilize the thinking of 
conferences without depriving present par- 
of thinking 


was highly was felt 
services. 
was how previous 
ticipants of the 
through central 1 


experiences 
issues in biology teaching. 
[he participants focused upon future con- 
wide range of 


ferences with a 


One common pattern ran through most of the 


suggestions. 


suggestions; namely, 1 deep concern for the 
high school course in 


introductory 


nature of the 
and, logically, for the 
biology course. That concern centered ; 
(1) objectives, (2) content, (3) techniques. 
“We need a conference to tackle 
training” participant; an- 
“Wwe need to resolve our philo- 
still another 


biology 
college 
1round 


basic bi- 
ological said one 
other claimed 
sophy about biology; 


“a need to understand general education.’ 
[hese suggestions are spelled out in the 
original report of the Evaluation Committee. 
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Anyone interested in the complete report of 
the committee can obtain a copy from the Di- 
rector of the Conference. 


The Evaluation Committee recommended 
that the planning of any future 
include the appointment of an evaluation com- 
mittee at the conference planning stage and 
that evaluation techniques be planned as the 


conferences 


conference structure evolved. 

Dr. Dorothy 
State University 
of the Evaluation 
an evaluation form for the 
summarized the suggestions of the 


\icCuskey of Bowling Green 
in Ohio served as chairman 
Team. The Team prepared 
conference and 
ss¢ partici- 
pants at the final session. 
Field Trips, Clinics, and Exhibits 

Dr. Alfred Stockard conducted boat tours 
Douglas Lake for all participants, 
while Dr. Charles W. Creaser of the Bi- 
logical Station Staff led a land trip. Thus all 


around 


members of The Conference had oppor- 
tunity to study the ecology of the area and 
see the richness of the flora and fauna. 


Dean Samuel T. Dana was asked by one of 
his groups to lead them on 
trip. Dr. John C. Ayers, Great L akes Research 
Institute Staff at the Biologi- 

cal Station, with a selected 


group under the le: idership of Mrs. Catherine 


1 special forestry 


and Investigator 
was asked to work 
Dale of Indianapolis on limnology projects 
suitable for science fairs. 

\ series of field trips to bogs and other in 
areas in the vicinity was led by Aliss 
Elsie Townsend of Wayne University and 
\liss Anges Kugel of Grand Rapids Junior 
local plants was as 


\liss Kugel 


te resting 


College. A collection of 


sembled, arranged, and labeled by 


and Miss V irginia Fsten. 
Facilities 


Biological Station 


The Biological Station offered unique re- 
sources for the execution of such a work con- 
with excellent meeting 
unusual swim- 


rooms, ade- 


ference, 


quate housing, excellent meals, 
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ming, fishing, and other recreational resources 
available, and a most competent and efficient 
staff. 


Richard L. Weaver 


Director 
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PART I: Some Contributions of Certain Areas 
of Biology to the Training of Biology Teachers 


Plants and Man 


JOHN S. KARLING 
Head, Department of Biological Sciences 
Purdue Univ ersity 


teach the relation 
plants to man and the impact of plants on 
and daily life, the biology teacher 
should have a clear concept 
of man’s position in the 
community of living things 
and his relation to 

As a_ back- 
general know l- 
teacher should 
for proper 


In any attempt to 


man $s past 


en- 
vironment. 
ground of 
the 
recognize 


edge 
per- 
spect e that: 

\. Man and all other 
animals are in reality guests 
of plants on this earth, and 
without green plants as a direct or indirect 


source of food, animal life would soon cease. 
Of all living organisms on this planet, green 
plants alone are able to deal directly with the 


world’s only great source of energy—the sun. 


They have a monopoly of the business of 
trapping, converting and storing the sun’s 
energy as food and other products without 


which man or animals cannot survive. Despite 
man has been unable to break 


ill efforts so far. 
this m ionopoly. \ccordingly, 


photosy nthesis 
all plant- animal relation- 
ships, and forms the background for the pano- 


rama of! 


is the most basic of 


life’s existence. The chloroplasts have 
the chief agency which 


stands between man’s eventual starvation and 
extinction. 


been described as 


\lthough civilized man is a guest of plants 
he is the arch predator and the pre-eminent 
der: anging and destructive force in Nature. 
He has alw ays been a disturbing biological 
force because of his depredations, but within 
the past century he has also become a major 
geological His construction of huge 
dams, super-highw ays, use of atomic power 


force. 


of 


- 


removal of forests, 
ing and faulty land use, which led to erosion 
by wind and water, is rapidly changing the 
land surface of the earth. 


for destruction, overgraz- 


B. Besides providing man with food for 
daily survival, plants impinge closely on his 
life in another equally essential manner. Bac- 
teria and fungi break down the complex mol- 
ecules and return the by- -products to the in- 
organic realm where they may be used again 
in making Without bacteria and 
fungi there would be no dec cay or decompo- 
sition, and were there no decay, the surface 
of the earth would become covered with the 
carcasses and remains of countless generations 
of animals and plants. The mechanical 
struction of undecomposed plant and animal 
remains would make life impossible. Also, vi- 
tal elements would become locked up in this 
unavailable to future generations of 
plants for metabolism into essential plant and 
animal tissues. Atoms might, thus, be used but 
and soils would eventually become de- 
pleted of all essential elements. 


food. 


ob- 


debris, 


once, 


C. At the same time bacteria and fungi are 
the principal etiologic agents of disease in 
man and other animals. Although man regards 
them as his useful servant, as noted above, and 
is dependent on them throughout his entire 
life, they may also be a destructive master. 

1). Plants are still the principal sources of 
medicinals for the alleviation and cure of the 
diseases which the above agents cause in man. 


. Plants have played a significant role i 


man’s evolution and cultural development. 


Ihe origin and evolution of angiosperms and 
the seed bearing habit with its concomitant 
concentration of proteins, carbohydrates and 
fats in seeds accentuated the development and 


fy 
ed 
Cu 
Q 
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ascendency of the better-adapted mammal 
and marked the end of massive animals with 
huge jaws and digestive tracts. Fossil records 
show that the dev elopment of mammals and 
angiosperms went hand in hand through the 
Mesozoic and Cenozoic eras, and eventually 
culminated in the dominant mammal-man 
who was dependent from the start for his 
existence directly or indirectly on seed plants. 

Prehistoric man existed by gathering an- 
giosperm seeds, fruits and succulent herbage, 
or by killing game which in turn had fed on 
angiosperms. Without angiosperms and their 
seeds, he would have had no flour or gruel 
for food; without fibrous barks, no fibers or 
material for cordage or basketry. Without 
secondary growth in angiosperms and the de- 
velopment ‘of woody stems his shelter would 
have been inadequate; without 
could not have kept and developed herds for 
meat and other food products. And even 
more significant, without the evolution of 
herbaceous seed-bearing annuals man could 
not have established agriculture. The establish- 
ment of agriculture or the domestication of 
plants and animals between eight and ten 
thousand years ago was of greater significance 
to the future of the human race than any- 
thing that has happened since that time. This 
provided a dependable food supply and with 
it came a gradual change from the nomadic, 
roving, and hunting to a more sedentary mode 
of life and the grat - development of per- 
manent settlements. \ dependable food supply 
gave man time and energy for cultural de- 
caleba, and with agriculture once estab- 
lished advances in social, civil, political and 
ecclesiastical organization became possible. 
Present evidence indicates that man’s early 
civilizations sprang up at the sites of origin 
and domestication of certain crop plants and 
animals. The beginnings of the Mayan and 
Incan civilizations began, for example, in the 
\Nhighlands of southern Mexico, Central and 
South America and were based principally on 
the origin and domestication of corn, beans, 
potatoes and a few animals. The Mediter- 


grasses he 


ranean civilizations began at the sites of origin 
of most cereal grains, truck crops or vege- 
tables, principal present- -day fruits and dom- 
esticated animals in the Mediterranean region. 
Similarly, the ancient civilizations of China, 
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Indo-Malayo, Central Asia and the Near East 
originated at the centers where millet, buck- 
wheat, rice, legumes, coix, yams, 
citrus fruits, spices, and numerous other crop 
plants had their origin and were domesticated. 


Soy beans, 


In light of the influence of plants on man’s 
daily life as well as his past development, a 
study of botany is obviously as essential as 
zoology in the tr aining of 1 biology teacher. 
but his training should be a that he will be 
able to see the ‘biological world as a whole and 
to integrate the plant and animal sciences. Bi- 
ology is an inclusive science and not strictly 
botany or zoology per se. The physical basis 
of life and structure as well as the fundamental 
principles of metabolism, respiration, growth, 
reproduction, response to stimuli, inheritance 
and evolution are the same in all living things 
and not the property of any group—animal 

r plant. Therefore, botany should be closely 
nh soneele with zoology in a general biology 
course to present an interrelated picture ‘of 
the living world. It is an all too common mis- 
take, particularly in college courses, to de- 
vote one semester exclusively to zoology and 
another one to botany, or vice versa, as if 
they were almost distinct sciences. This 
usually presents a disjointed view, and does 
not give the student a broad perspective of the 
living community of which he is a part. To 
serve the largest number of students general 
biology courses must have balance, not only 
between botany and zoology but between the 
subject matter in each science. Morphology 
and taxonomy, for instance, should not be 
over-emphasized to the neglect of other sub- 
jects, and only by maintaining a proper bal- 
ance can the teacher expect to develop broad- 
minded, educated and well-balanced biology 
students. Obviously, much attention cannot be 
given to any single subject, and emphasis 
should be placed on broad _ basic principles. 
Nevertheless, understanding and appreciation 
of basic principles require a_ considerable 
amount of subject-matter knowledge and 
should not be neglected. ; 


From the viewpoint of man’s and other 
animals’ complete dependence on plants and 
the fact that functional life is manifested 
largely by the transformation and use of en- 
ergy, ‘the part played by plants in the energy 
relations of living matter should be among the 


( 
t 
ft 


Volume 18, No. 1 


first strictly botanical subjects in the training 
of the biology teacher. It should be clearly 
understood that the energy of the sun is made 
available to animals principally by the green 
plant. This involves knowledge of the green 
plant’s structural adaptations as an energy 
trap and food builder as well as its leaf and 
cell structure, chloroplasts and chlorophyll, 
and also of the process of photosynthesis. 
Then, to get a complete picture of the energy 
relations, the biology teacher should know the 
part played by plants (bacteria and fungi) in 
decay or decomposition of animal and plant 
remains and organic wastes, the breakdown 
of these into simpler and more oxidized ele- 
ments and their liberation so that they may 
This involves principally 
the carbon and nitrogen cycles. 


be utilized again. 


[hat the teacher should know 
about the characteristics of living matter, life’s 
residence in protoplasm, the similarity in 
structure and composition of plant and ani- 
mal protoplasm, its organization into cells, 
their similarity in structure, and their function 
in the multicellular organisms as the unit of 
structure, growth, differentiation, reproduc- 
tion and physiological activity goes without 
saying. This —T knowledge of readily 
available sources of living plant protoplasm, 
cell sizes and shapes in 
plants for class use in conjunction with ani- 
mal material and some training in general plant 
cytology. 


biology 


and the variety of 


relations, characteristics 
“universality of protoplasm 
and its structure and organ- 
ization have one presented, broad and bal- 
1 biology usually proceed to 
the demonstr: aia of the variety of form in 
plants and animals. To do this effectively, the 
teacher must have a broad training in many 
other aspects of biology including ‘taxonomy, 
systematics, comparative morphology, and 
As an introduction to a brief survey 

f plants and animals the teacher must be fa- 
cies with nomenclature, classification, and 
the principal phyla, orders and families, and 
thus systematics becomes essential to the pre- 
sentation of the diversity of plants and animals 
in an orderly and evolutionary manner. Ob- 
viously, frequent and extensive field trips are 
highly necessary if the teacher 


\fter the energy 
of living matter, 
in living things, 


ance d courses 


anatomy. 


is to become 
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familiar with the major groups of plants and 
animals and their distribution relative to en- 
vironment. As more and more field work i 
done systematics becomes increasingly Laie 
tant to him in understanding classification and 
evolution. In this sense plant systematics serves 
the same needs in teacher training as animal 
systematics. The real diversity of plants and 
animals, however, does not become apparent 
until their morphology, anatomy or structure 
are compared. Thus, comparative morphology 
becomes essential to the teacher as a basis for 
understanding function or physiology, de- 
velopment, taxonomy and evolution. This is 
equally true for plants and animals. 


Although the basic principles of growth 
and reproduction insofar as they involve cell 
multiplication, differentiation and fusion are 
the same in plants and animals, the develop- 
ment, differentiation and maturation of the in- 
dividual varies in the two groups. Therefore, 
as regards to the study of plants, the develop- 
ment and life cy cle of a representative of each 
phylum should be included in a biology 
course. Special emphasis should be given to 
the alternation of gametophytic and sporo- 
phytic generations and its significance in evo- 
lution. Consideration of growth and repro- 
duction in plants should include, as far as 
time permits, the w idespread occurrence and 
variations of a sexual development, of fruits 
and seeds and their importance as food, and 
the significance of secondary growth in an- 
giosperms relative to man’s ‘development. 


Plant physiology is as essential in the train- 
ing of a biology teacher as animal physiology. 
\lthough the basic principles are the same in 
both, plant physiology is necessary to an un- 
derstanding of how plants make food for man, 
the intake of water and minerals and their 
transportation, the transformation of radiant 
light to potential energy, respiration and the 
breakdown of sugars, and the storage of en- 
ergy in more complex substances on which 
man and animals are dependent. The presence 
and action of phytohormones in relation to 
tropisms, nastic movements, etiolation and 
photoperiodism and their economic signifi- 
cance in fruit setting and dropping, partheno- 


carpy, weed killing, etc., certainly belong in 


the realm of plant physiology. 


nd 
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However, these should be presented jointly 
with a consideration of the animal hormones 
in explaining the unity, regulation and co- 
ordination of the simple or highly dif- 
ferentiated organism. 

Evolution is said to be the great unifying 
principle in biology. Certainly, the evolution 
of plants is closely related to that of animals, 
particularly the angiosperms and mammals. Ac- 
cordingly, no complete picture of the history 
of the past and the interrelations of the pres- 
ent biological world can be presented with- 
out a knowledge of both. Therefore, they 
should not be taught separately but side by 
side and closely integrated to show the evo- 
lutionary relationship of plants and man. To 
do this ‘effectively the biology teacher must, 
of course, be as familiar with the evolution 
of plants as with that of animals. 

Training in genetics is obviously essential 
to all biology teachers. Like evolution, gen- 
etics is a unifying phase of biology, and here 
perhaps better than anywhere else it can be 
shown that the fundamental principles oper- 
ate in the same manner in plants and animals. 
Students are naturally curious about what and 
how they inherit from their parents, and for 
this reason genetics can be one of the most 
fascinating subjects in classroom biology. It 
matters little whether plant or animal material 
is used to demonstrate basic principles, but 
both types should be utilized to emphasize the 
universal operation of these principles. 

Finally, it seems to me, the general biology 
course should come to ecology, the relation 
of plants to man and other animals, and their 
relation in turn to their physical environment, 
and man’s position as part of community of 
living things which he dominates and attempts 
to control. Ecology integrates the  bi- 
ological and phy sical sciences, and in a real 
sense bridges the gap between them etic 
it involves chemistry, phy SICS, 


geography, 
mathematics, meteorology and soil 


geology, 
science as well as taxonomy, morphology, an- 
As such it provides 


atomy and physiology. 
the basis for understanding plant and animal 
distribution and adjustment to environment, 
and is the foundation of practical conserva- 
tion. Clearly, animal ecology cannot be taught 
effectively ‘apart from plant ecology because 


THe AntericaAn Brotocy TEACHER 


January 1956 


animals are dependent on plants, and a well- 
balanced and complete picture of ecology 
cannot be presented without an adequate 
training in both. 


Recorder's Report of Discussion on 


Plants and Man 


Biology is neither botany or zoology, but an 
integr: ated science, and the integr: ated approach 
was “emphasized time and time again in all dis- 
cussion groups. There was complete agreement 
on the value of selecting materials from both 
botany and zoology wherever possible, and 
showing their relation, because this relation- 
ship is true biology. [here was agreement, 
too, regarding the at of carrying 
through with this plan it all topics. Selection 
of material can be ma on that which lends 
itself best to the topic, is most appropriate and 
most convenient for the teacher. The study 
of protoplasm and the cell offers excellent 
opportunity for the integrated approach, but 
in dealing with the taxonomy and morphol- 
ogy, for example, there is a parting from this 
approach for a time. 

The matter of integrating botany and zo- 
ology, of showing interrelationships should 
not be entirely left to the student. The teacher 
should guide toward the integration. For ex- 
ample, it was suggested that in the discussion 
of cell structure and function, one group of 
students might give their attention to animal 
cells, while a second group might study plant 
cells. Following the pooling ‘of information 
derived from this study, with the help of the 
instructor, the class can arrive at generaliza- 
tions regarding the structure and function of 
cells. 

ing 

r studying a particular function as it operates 
in both plants and animals may appear to rep- 
resent two diverse points of view. But it was 
accepted that there is room for both pro- 
cedures—that is feasible to cover both aspects, 
sometimes integrating botany and zoology and 
sometimes studying the organism as a wiole 
and somewhat apart from other organisms. 
This is especially true in the area of classifica- 
tion where teachers may use both the above 
approaches. It should be evident that the easi- 


a specific organism in its entirety 
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est way to teach ts not always the best way 
ror the students. 

In the discussion of specific techniques for 
understanding certain concepts it was gen- 
recommended that it is ne cessary to 
is many first hand expe eriences as pos- 
sible. We are apt to forget that as we go from 
elementary through high school and 
college, valuable learning takes place through 
expel rienc es. It 1s very important to emphasize 
experiences in the field and in the laboratory, 
using lin Ing material as often as possib le. 


erally 


hool 


In addition to the desire for as much in- 
of botany and zoology as possible, 

r pel h: Ips because of it, there is constant need 
to emphasize interaction and interdependence 
of living things. Content from areas other than 
zoology also must be included. 
of the general nature of biology, the 
biology teacher must see a broad picture. To 
broad background, necessary for 


te 


botany and 


peCAaAUSC 


ichieve the 


the successful teaching of biology, he should 
wavs remain a student whether he takes 
courses or not. 

1 Spite different points of view on how to 
teach and what to emphasize, there was gen- 
eral group igreement on the need to help” stu- 
dents understand. The ability for teacher and 
students to communicate was emphasized time 
ind again. Well-prepared, essay-type tests can 
sho ether a student can verbalize and 
whether he has an understanding of the mate- 

il reac presented. In discussing the teach- 
ing of idamental principles, rather than just 


striving to present factual knowledge, the dif- 
ferences and similarities in te: aching procedures 
students 


were brought out. Teachers owe 


just facts. 


\rtention of all groups was centered upon 
protoplasm, photosynthesis, clas- 
evolution. To gain an_ under- 


of many pl: Int processes some knowl- 


sification and 
standing 
edgc of « emistry is needed. This is especially 
to the appreciation of energy rela- 
need for a source of energ\ leads 


pertinent 


to the study of metabolism which, though dif- 
ferent plants and animals, performs essen- 
tially the same function. In teaching these 
topics, the biology teacher should present suf- 
Ticient along with the biological 


content. Respiration in plants gives some dif- 


ficulty too, because of the loose use of the 
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term, the misconceptions, and its confusion 
with photosynthesis. 

The concept of species is man’s judgment, 
as is his classification of living things; but the 
basis of this arrangement, the important prin- 
ciples upon which it rests, needs clarification 
for the student. It was recommended that 
taxonomy, or rather systematics, should be 
taught as extensively as needed for balance, 
and as time permits. It is possible to highlight 
the economic significance of plants by select- 
ing a familiar food plant whenever possible, to 
illustrate the different groups in the study of 
classification. The fact that 62% of our drugs 
are extracted from plants has significance for 
students who, because of recent publicity, 
may have the misconception that synthetics 
have replaced natural material. 


Evolution presents a problem to many 
teachers when it is developed as a specific 
topic. This is not apparent when evolution is 
used as a basis for teaching classification or as 
the theme in the development of broad topics. 
[he student's ability to do critical thinking 
to a point where it is sufficient to adequately 
handle controversial biological issues is one of 
the biology teacher’s goals. A wealth of avail- 
able material, class discussions based on in- 
vestigation of this material, and resource peo- 
ple are mentioned as possible procedures that 
might lead toward this goal. 


It was reported that substitution of such 
terms as progressive development or develop- 
mental changes seemed to eliminate the an- 
tagonism to the use of the word evolution. 


lerminology in biology was recognized a 
a difficult hurdle for students but though 
technical terms can be reduced to a minimum, 
certain words are needed as working tools. It 
was suggested that purpose determine the 

selection of those which need to be taught. 
rv lequately defined when first presented, they 
should then be used frequently. 


Biology is spread too thinly if one attempts 
to cover the whole field. The alternative is the 
selection of fewer problems for more intensive 
at the same time giving as complete a 
picture as_ possible within the limitation of 
time. 


study, 


Murtiet BeuscHLern, 
Chicago Teachers College 
Recorder 
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The Food Supply of Man 


HARRY 


FULLER 


Professor of Botany 


University 


The provision of adequate supplies of food 
for the earth's rapidly increasing human pop- 
ulation is one of the major problems of bi- 
ology. The rapid progress 
of the medical sciences in 
the conquest of human dis- 
eases is contributing di- 
rectly to a lengthened hu- 
man life span, the decrease 
of infant mortality, and, as 
a consequence, to a tre- 
mendous growth rate of 
human population. It has 
been estimated that the 
earth’s human population 
is NOW increasing by 80,000 per day. In many 
nations India and China), the human 
population pressure is sO great that many 
thousands of their citizens spend all their lives 
on a subsistence diet which is both qualita- 
tively and quantitatively inadequate. With 
further advances in the conquest of disease, 


g., 


‘the earth’s human population may be expected 


to increase even more rapidly than it has 
during the past century. This further growth 
will necessitate a great increase in the pro- 
duction of grains, fruits, meat, 
dairy products, and other types of food for 
human use. Failure of science to provide such 
food increases will doubtless lead to further 
demands for Lebensraum and will inevitably 
produce grave international crises of a social, 
and military nature. 


\ egetables, 


political, 

The study of this problem of earth’s food 
supply is a logic al and desirable part of courses 
in biology at the high- -school level. Its in- 
clusion in such courses presupposes the avail- 
ability of suitably trained teachers to handle 
this subject with both scientific accuracy and 
the ability to stimulate student interest in this 
problem and its indicated solutions, insofar 
as solutions are possible. Thus, the foundation- 
stone in this biological structure is the train- 


of Illinois 


ing of young people who will become su- 

perior teachers of biology. 

Essential Subject Matter for the Preparation 
of High School Biolog) Teachers 


It must be recognized at the outset that no 
college or university engaged in the tr: aining 
of teachers can impart to their students all 
the information, a// the attitudes, a// the tech- 
niques which they must have to become su- 
perior and successful teachers. Colleges and 
universities can give to students certain fun- 
damental facts and can induce in them certain 
habits and attitudes of thought and certain in- 
terests which will form the basic stock-in- 
trade of would-be teachers. Equipped with 
these, the teacher musc, if he is to be a wise 
and percipient teacher, build upon the foun- 
dation of facts and attitudes which he has ac- 
quired as an undergraduate student. [his post- 
college growth may develop in several ways: 
through memberships in biological organiza- 
tions and attendance at their meetings, 
through a definite program of reading new bi- 
ologic: ul books and biological periodic als, 
through travel, 
mercial engaged in 
work, through a continuing interest in_ fields 
such as anthropology, 


raphy, and 


through summer work in com- 
biological 


sociology, and geog- 


~ 


through occasional college re- 


fresher courses in biological and related 
sciences. 

An attempt to construct a list of specific 
college courses intended to provide the proper 
training of teachers for the 
teaching of 


as this 


pe tential 


specific biological such 
undertaken 
reservations, for 
lead to a failure to under- 


pu re 


pics, 


one, be with 


caution and with some such 
an attempt may 
stand the relationship | 
and applied science. One of the most im- 
portant educational ideas for a teacher to 
grasp and for him to plant in the minds of 


this: that the applications 


science 


his students is 
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In ( int food plants of Old World origin. 

it 
‘f science are, in the final analysis, the ex- 
tensions of pure science discoveries to im- 

1c nediate human problems, discoveries made by 


have sought to explain the phen- 
ind the objects which surround them 
7a ind who have not been attempting de novo to 
antibiotics, weed-killers, 
The continued solution of 
problems by science can be main- 


bulbs, 


nent 


bombs. 


Ind atomic 


tained only so long as pure science research ts 


rted and encouraged; since much of this 


py] ind encouragement is derived from 
Of public funds, every citizen of a democracy, 
( ho presumably has some voice in the ex- 
venditure of public money, should clearly 
nderstand the relationship between the pure 
fic science which are substantive, and the ap- 


pel ‘lied sciences, which are largely derivative. 


[his important idea should be emphasized 
sclection of courses for the training of 

\ teacher who has had a variety of 
nental materials in the pure sciences and 
o has learned, in the study of these topics, 
iate facts and ideas and to search out 
‘tionships of materials learned in these 


TO asso 
the re 
to practical applications has received a much 
preparation, in my opinion, than a 
whose training has been largely in 
utilitarian 


specialized, fragmented, 


Cours¢ 


n the applied sciences. 
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[he student who is preparing to become a 
teacher of biology obviously should have as 
many basic courses in biological sciences as 
he can fit into his college program—botany, 
zoology, bacteriology, entomology, —phy- 
siology—together with courses in other 
sciences: physical sciences, horticulture, geog- 
raphy, anthropology, and others. The better 
trained a teacher is in subject matter, the 
more enthusiastic and the more stimulating he 
is likely to be in his teaching. In arranging 
programs of courses for students preparing to 
teach biology, however, we should avoid a 
degree of concentration in biological and 
other scientific subjects which would lead to 
educational unbalance. The teacher trainee, 
whether he is to teach biology or physical 
science or languages or art, should have suit- 
able courses in the humanities and in the so- 
cial studies to insure that he becomes edu- 
cated, not merely trained. I believe that the 
total amount of work in sciences, plus the re- 
quired courses in education for certification, 
should not exceed two-thirds of the total 
amount of undergraduate course work com- 
pleted by a student preparing to become a bi- 
ology teacher. 

For a teacher to handle adequately the sub- 
ject of the food supply of man in his class- 
room, he should have essentially the same 


¢, 
<a 
> 
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group of college courses as he would need to 
teach other biological topics, such as plants 
and man, human physiology, inheritance, and 
conservation. He should have solid, fundamen- 
tal courses in general botany and general 
zoology, in the morph ology, classification, and 
identification of living organisms, in genetics, 
in ecology and conservation, in physiology 
and health, in geography, in_ basic physical 
sciences, and, whenever possible, in anthro- 
pology and horticulture. The ability of a 
teacher to teach the topics considered in this 
conference is related only in part to the bi- 
ological science courses which he has com- 
pleted a a student; his effective teaching of 
these nies is related also to his attitudes of 
thought, his ability to reorganize biological 
information into new patterns, his pursuit of 
up-to-the-minute know ledge as it becomes 
available in new books and in current scien- 
tific journals, and his imagination and inven- 
tiveness. Without these latter qualities, no 
teacher, even with the most formidable array 
of college courses in his educational back- 
ground, can succeed in the effective teaching 
of topics such as those considered at this con- 
ference. It should be emphasized that it is not 
always necessary for would-be teachers to 
have courses in all the subjects listed above; 
the essential consideration is that he have 
know ledge of these fields, knowledge which 
he can often gain through avenues other than 
formal courses, that 1s, through science clubs, 
through lectures by visiting scientists, and 
through summer work in business or in gov- 
ernmental agencies. The personality, the in- 
terests, and the educational background of his 
professors are important in determining the 
types of materials of which a student is ex- 
posed; thus, some professors of biological 
sciences weave much anthropological material 
into such courses as genetics, economic. bo- 
tany, human phy siolagy, and general biology, 
so that a student in their courses might need 
no formal course in anthropology. 


Recent Scientific Developments in the 
Area of Food Supply of Man 
Biological scientists (and other types of 
scientists, such as engineers), aware that one 
of the world’s major practical problems is the 
increase in supplies of food for man, have de- 
voted time, money, and research efforts to 
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this problem and are prosecuting investiga- 
tions in a number of fields, among which are 
these: 


l. The development of crop varieties of su- 
perior yield-capacity through plant breeding 
and selection. 

Investigations of this type involve the con- 
tinuing search for individual plants of superior 
types in both domestic and wild populations 
and the cross-breeding of different varicties 
of plants in an effort to bring together in 
new strains or varieties increased yields, in- 
crease resistance to diseases (as a result of 
which increased yields occur), improved 
taste, and other desirable traits. That such 
research has already resulted in remarkable 
increases in crop vields is shown by an ex- 
amination of agricultur: al statistics for various 
kinds of crop plants. Thus, for ——? the 
average annual yield of corn per acre in II- 
linois before the introduction of hybrid corn 
was 34 bushels (average of yields 1910-1915): 
at present, the average annual acre yield of 
hybrid corn in Illinois is about 60 bushels. 
Under especially favorable soil and climatic 
conditions, hybrid corn yields of 120 to 140 
bushels per acre have been secured, and under 
optimal conditions of soil fertility, tempera- 
ture, and moisture, yields of more than 250 
bushels of corn have been obtained per acre 
from hybrid seed. (Such yields are econom- 
ically impractical at present because of the 
large amounts of fertilizers required for 
them). One agronomist has reported that the 
use of hybrid corn in 10 countries of western 
Europe in 1952 increased yields by 273,000 
tons and that the potential increase from the 
use of hybrid corn in these countries is at 
least + million tons. He has reported further 
that the present average annual acre yield of 
corn in all countries outside the U.S. is 19 
wheat breeding programs 


bushels. Similarly, 
have resulted in significant yield increases; in 
Illinois in 1895-1898, the aver age annual acre 
yield of wheat was 11 bushels, in 1935-1938, 
19 bushels per acre. Some newly developed 
varieties of wheat yield 55 bushels per acre 
under opumal cultural conditions. Similar in- 
creases in yields have been produced in many 
other crops which have received the devoted 
attention of plant breeders sugar cane, rice, 
various fruits and vegetables, etc. Since scien- 
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ific plant breeding is little more than _ half 
century old, further research of this type 
vill certainly result in even greater yields of 


these crops and of many other crops which 


ave thus far received little or no attention 
rom plant breeders. 

Phe development of animal varieties of 
uperior yield-capacity through breeding, se- 


improved animal feeding. 


Scientific breeding of domesticated animals 
nd improved knowledge of animal phy- 
siology have led to significant increases in 
meat and milk production. At present, for ex- 
mple, yearling steers of certain types are 
ready for bute hering, in contrast to an earlier 
situation in which steers had to be two or 
three years old to be used for satisfactory 
meat production. This shortening of the time 
span required for meat production means, of 
course, that smaller amounts of grain are 
needed fo1 feeding. \ half century ago, 450 
pounds of corn were needed for each 100 
pound gain in weight of hogs; at present, this 


figure is been cut to 280-300 pounds of 
corn per 100 pounds gain. Similarly, great 


(Photo by Chicago Natural History Museum.) 


strides have been made in developing types of 
hens of greatly increased meat- producing and 
egg- laying capacity and increasing milk pro- 
duction by dairy cows. 

3. Weed Control 

Weeds compete with crop plants for space, 
for water, for soil nutrients, and for light, 
and thus their unchecked growth results in 
diminished crop yields. Recent advances in 
the development and use of chemical weed 
killers have contributed to greatly increased 
vields of many field and garden crops. 


4. Insect and rodent control 

Many types of insects and rodents feed 
upon crop plants, and upon their products 
and thus reduce supplies of grains, fruits, 
and vegetables. Progress in the development 
of effective dusts, sprays, and other chemicals 
by economic entomologists and zoologists has 
resulted in increasingly effective control of 
destructive insects and of rodents and thus 
in augmented crop y ields and food supplies. As 
an example of the magnitude of insect dam- 
age to crops may be cited the loss of 100,000 
acres of barley in Canada in August 1955 as 
a result of attacks of aphids on barley plants. 
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x Plant disease control 


Plant diseases, caused by bacteria, fungi, 
viruses, and other agents, reduce crop | vields. 
Extensive research, especially during the last 
dusts, 


three decades, 


seed disinfection treatments, 


has produced sprays, 
and other prac- 
tices which reduce the incidence of plant dis- 
eases and thus increase crop vields. ee 
plant breeding investigations have resulted i 

the development of disease-resistant 
of crop plants, which produce higher vields 
than susceptible varieties. In this connection 
it should be emphasized that the development 
of disease-resistant strains of plants does not 
confer permanent benefits, for the pathogenic 
organisms 


g responsible for diseases undergo 
mutations and other types of genetic changes, 
with the result that new types of pathogens 
develop which, after a time, attack the disease- 
resistant host plant. Thus, the breeding and 
selection of disease-resistant strains of plants is 
a continuing which 


solve a problem pe ‘manently but which in- 


process, one does not 


evitably produces other problems. 


6. Increased knowledge of plant nutrition 
and of soil structure and behavior. 


During the past quarter century, 
strides have been made in our knowledge of 
crop-plant nutrition, in the preparation of 
fertilizers, in soil testing, and in soil manage- 
ment. Improved fertilizers and improved soil 
have resulted in in- 


food- product Ing 


great 


management pr ograms 


creased vields of valuable 


crop plants. 


Introduction of new crop plants. 

[he introduction of various crops into parts 
of the world in which these crops are not 
indigenous has often resulted in agricultural 
benefits. Thus, the introduction of soybeans 
(natives of China) into the U.S., the intro- 
(native of tropical 
introduction of 


duction of 
America) into Hawaii. the 
(natives of 


pineapples 


cane and bananas south- 
eastern Asia and offshore islands) into tropical 
resulted in marked improve- 


these 


sugar 


America have 
ments in agricultur al productivity in 
parts of the “worl 1 into which they have been 


possibilities of increasing 


introduced. The 
food yields through the introduction of new 
crops into various parts of the world, par- 
ticularly crops which have thus far received 
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little attention from plant breeders, are ex- 
tremely promising. Relatively little work, for 
example, has been done in the breeding and 
selection of most tropical fruits for improved 
quality and increased vields, or in the little- 
highly nutritious, \ndean grains, 
quinoa and milmi. Often the introduction of 
a cultivated plant into a new part of the world 
stimulates the interest of plant breeders, with 
the result that an intensive progrs am of study 
and of improvement of that species develops. 


known 


8. Conversion of arid lands tnto agricul- 
tural areas and improvement of soils. 
Vast regions of the earth’s land masses are 
unsuited to agriculture chiefly because of their 
aridity. 
structure and nutrient content that they could 
support a flourishing and productive agricul- 
ture if they 
moisture, 


Many of these areas have soils of such 


received adequate supplies of 
thousands of square miles of 
western and southwestern U.S., of the west 
coast of South America, of central and north 
Africa, of the middle East, and of central 
Asia. The construction of dams to impound 
already made the 
desert bloom in many parts of California, 
Arizona, New Mexico, Utah, and other west- 


ern states. Expansion of such water-storing 


water for irrigation has 


projects in other arid regions of the world 


will greatly increase ae. food supply. In- 
creased food production will also result from 
the Improvement of the physical structure of 
addition of 


matter and possibly of soil conditioners, which 


such soils through the organic 


induce beneficial changes in soil structure. 


9. Improved soil conservation methods. 

Increased yields of food crops may be ex- 
pected also from improved methods of han- 
ding and conserving soils: improved methods 
of cultivation, more contour cultivation, ter- 
racing, drainage, grass-interplanting and other 
techniques of reducing soil erosion by rain 
and wind action. 


10. Increased utilization of food products 
from lower plants. 

Students of photos nthesis, the basic proc- 
ess of food manufacture in green plants, esti- 
mate that the total photosynthetic activity of 
aquatic plants of the world’s seas may exceed 
the total photosynthesis of all land plants by 


ten times. Man’s chief use of this tremendous 


) 
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marine photosynthetic activity has been—and 


ctill is— in the form of the flesh of sea animals 


(fish. crabs. lobsters, ovsters, shrimp, etc. ) 
which derive their nourishment from sea 
plants [hus far, man has made relatively little 


direct use of these marine plants (chiefly al- 


vae) in his diet. Inhabitants of the costal re- 
gions of New England, China, Japan, India, 
and the British Isles have for several centuries 


included various types of seaweeds in their 
amounts of seaweeds thus 
eaten e constituted only a minute part of 
of the human race. In recent years the 
Ittention Of scientists, especially in Japan and in 
the Unit 


} 


diets. but the total 
the diet 
ed States has been inc reasingly focused 


as potentially important 
of food in human diets. So important 


upon gac direct 
SOUFCeS 

s possible food sources for man that 
States governmental agencies 
re granting financial subsidies to promote re- 
both in our country and in Japan on 
food production by algae. It is certain that in- 
vestigations of the nutritional properties of 
ian diets and the direct use of al- 
vegetables will 


searcn 


aleae in hun 


increase 


rae in soups and as 


rapidly problem of adequate food sup- 
plies for earth’s increasing human population 
becomes more acute. 

Recent developments in the study of 


tosynthesis. 

One of the major objectives of investigators 
of photosynthesis is the elucidation of the in- 
tricate physico-chemical steps in the conver- 
the me- 
of chlorophyll in the presence of 


sion of carbon dioxide and water by 
chanis1 


light energy into food. Research progress in 


this difficult field, although it has proceeded 
slowly, steadily reducing the mystery of 
photosynthesis and is explaining in physico- 
chemical terms the individual reactions of this 


process. If and when all these intricacies are 


understood and explained, it may become pos 
sugars from carbon dioxide 
in factories, without the participa- 


tion of green plant tissues in the process. This 


sible to produce 


ind wate 


does not mean, of course, that our dependence 


upon our grain, fruit, and vegetable crops as 
food sources is likely to decrease; rather, it 


means that factory-production of foods on a 
le may one day supplement the man- 
of foods by green plants and may 
thus contribute to providing adequate supplies 


large sea 


ufacture 
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of food for a human population vastly greater 
than the estimated 2,500,000,000 persons who 


now inhabit the earth. 


12. Changing social and religious attitudes. 

It is possible that, with further growth of 
human population, certain attitudes toward 
birth control and food taboos may undergo 
change. In India, for ex ample, where food 
supplies are short in relation to the total pop- 
ulation, thousands of sacred cattle roam the 
countryside but are never used as a source of 
food because of the taboo against eating their 
flesh. Changing attitudes toward birth control 
and wider dissemination of birth control in- 
formation can result in a check upon the rate 
of increase of human populations and thus can 
reduce the disparity between food supplies 
and human numbers in certain over-populated 
areas. Since the total amount of food which 
earth can produce will be limited by the total 
amount of solar energy reaching the earth’s 
surface, there will come a time when no fur- 
ther increase of food supplies will be possible. 
Thus, some sort of birth control will even- 
tually necessary as a check on the 
human population. 


become 


Experiences and Methods by Which Such 

Content May Be Transmitted to Students 

In accordance with the important fact that 
applications of science to the solution to prac- 
tical problems are based upon pure science 
discoveries, the work of high school students 
on the subject of the food supply of man 
should begin with basic experiments and ob- 
servations on food manufacture by plants and 
on the nutrition of animals. Many aspects of 
this general topic of food supply will, of 
course, be inappropriate to laboratory work 
and to demonstrations by teachers, and will 
instead involve library work, outside reading 
in newspapers and current magazines, the 
writing of papers, the exhibition of films, and 
other educational techniques. The types of ex- 
periences which will reinforce this subject, 
then, may be separated into two categories: 
\. Laboratory and demonstration work. B. 
Non-Laboratory work. 

\. Laboratory work. 

Limitations of space do not permit a de- 
tailed description of suitable individual and 
group experiments and of demonstrations (de- 


| 

| 


20 ‘THE 


tailed descriptions of these may be found 1 
some of the references at the end of this ar- 
ticle). Teachers will be generally familar with 
these; their inclusion here, therefore, is in- 
tended simply to indicate the principal experi- 
ments and demonstrations appropriate to this 
subject. 

1. Experiments on nutrition of crop plants 
tomatoes, corn, beans). 

a. The growth of plants in water-cul- 
tures or sand-cultures containing all 
essential soil elements. 

b. The growth of plants in water-cul- 
tures or sand-cultures lacking one or 
more essential soil elements. 


(C.2., 


c. Experiments demonstrating the role 
of light in photosy nthesis. 
d. Experiments demonstrating the role 


of chlorophyll in photosynthesis. 
e. Demonstration of the release of oxy- 
gen in photosynthesis. 
f. Demonstration of effects of fertilizers 
on growth of potted plants. 
2. Experiments on nutrition of algae. 
a. Growth of Chlorella or other fresh- 
algae in nutrient solutions. 
and food 


water 

3. Demonstrations of food storage 
transformations within plant tissues. 

a. Chemical tests of various plant parts 

for sugars, starch, fat, and proteins. 

b. Chemical tests on immature and ma- 


ture plant parts (e.g., “milk stage” 
corn and mature corn grains, green 


bananas and ripe bananas) to demon- 


strate conversion of sugars into 
starch and of starch into sugars. 
4. Experiments on nutrition of animals. 

a. Maintenance of laboratory animals 
(e.g., white mice) on full balanced 
diets. 

b. Maintenance of laboratory animals 


on diets deficient in fats, carbohyd- 


rates, proteins, vitamins. 


B. Non-laboratory work. 
Work of this type involves the use of li- 


brary books, journals and other reference 


sources in the preparation of: 
1. Written papers. 

2. Talks by 
science clubs. 
3. Question periods and discussions follow- 
ing such talks. 


students before classes and 
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4. Talks to classes by visitors: plant 
breeders, agronomists, animal scientists, agri- 


cultural chemists, and others from universities, 
United States governmental state 
agencies, seed companies, meat-packing com- 
panies, fertilizer factories, etc. 

5. Use of charts, maps, graphs, etc. illustra- 


agencies, 


ting human populations of different countries, 


agricultural areas, levels of agriculture, crop 
imports and exports, etc. 
Significant topics for papers, talks, and 


students are: 
1. The origin of cultivated plants. 


class discussions by 


2. The origin of domesticated animals. 

3. The improvement of food plants by 
breeding and selection. 

4+. The improvement of meat-producing 


animals by breeding and selection. 
5. improvement of 
animals by breeding and selection. 
6. The history and importance ot 
troduction. 

Plant introduction policies and practices 
of the United States Department of Agricul- 
ture. 


milk-pre »ducing 


~ 


plant in- 


8. The relationship of control of human dis- 
eases to human population growth. 

9. Agricultural production different 
countries (the surplus countries and the short- 
age countries). 

10. Algae 
ll. The 
sources of 


as sources of human foodstuffs. 


utilization of aquatic animals as 
foodstuffs. 


12. Fisheries research in the 


human 
United States. 
13. Weed control and its effects upon agri- 
cultural yields. 

14. The control 
fect upon agricultural yields. 


plant diseases and its ef- 


and aegri- 


15. The production, improvement, 
cultural effects of fertilizers. 

16. Soil conditioners and their etfects upon 
soils. 

17. Biological and chemical control of insects 
which attack crop plants. 

18. Arable lands of the world compared with 
non-arable lands. 
19. The history of irrigation. 
20. Effects of irrigation agricultural 
production in the U. S. 


upon 


21. Irrigation practices and possibilities in 
countries other than the U. S. 
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Non-laboratory work involves also the use 
of suitable motion pictures and slides illustra- 
ting agricultural methods for different kinds 
of Crops, agricultural procedures in different 
countries, human diets and nutrition, crop im- 
provement, soil conservation and management, 
and related topics. 


Important Generalizations for Students. 

their learning and under- 
standing the basic facts involved in the food 
supply of man, students should become aware 
of certain generalizations which apply not 
only to this specific topic but to other scien- 
tific topics It thus becomes an edu- 
cational obligation of the teacher to point out 
these generalizations to students, or, prefer- 
ably, to stimulate his students to discover these 
their own. Among 
important generalizations are the following: 
1. The valuable applications 
of science 0 problems of human life are ba- 
pure-science re- 


In addition to 


as well. 


generalizations on these 


sically consequence of 
search. 

Sciences are not tightly compartmen- 
talized but are intimately related with each 
other and with other fields of human knowl- 
a meaningful study of man’s food 
supply involves not merely the study of bot- 
agricultural 
but mnevit: requires some consideration of 
human history, medical 
science, and anthropology. 

3. Only very rarely is the solution of a hu- 
nan problem by science an eternal and com- 
plete solution. Scientific solutions of problems 
ire usually partial solutions, which, as they 


levelop, commonly create other, often un- 


edge. | hus, 


ny, zoology, and the sciences 


eCONOTNICS, sociology, 


expected problems, which must then be solved 
n their turn. 

+. Biological phenomena in nature are so in- 
tricately inter-related that the alteration of 
such phenomena by man is commonly fol- 
changes in other biological events. 
the extensive use of DDT and of other 
insecticides to kill mosquitoes which carry ma- 
larial parasites may influence crop vields i 
result of their destruction of 
flower pollinating insects. 

some Important References for 


l. Anderson, 


owed by 


Thus, 


the area as a 


This 


and Life. 
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Edgar—Plants, Man, Little- 
rown,. 1954. 
lack, J. D. 
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Smith, 
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University 


17. Storer, John H.—The Web of Life. Devin- 
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1948, 
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tion? Foreign Policy Association, 1949. 
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Recorder's Report of Discussion on 


The Food Supply 


of Man 


[he extended human life span achieved by 
advances in medical science and the gener ral 
improvement of human diets and living con- 
ditions is rapidly increasing earth’s human 


population, so that many thousands of people 
live on inadequate diets and that population 
pressures are beginning to create grave eco- 
nomic, social, and political problems. The pro- 
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vision of proper amounts and kinds of food 
for the rapidly increasing human population 
should be brought to the attention of high- 
school students in biology courses. The new 
material contributed by the discussants at the 
conference on the training of biology teachers 

distribute properly this information is as 
follows: 

1. Teachers should become acquainted with 
more scientific journals and popular science 
magazines of good quality to keep up to date. 
2. siology teachers may often learn more 
from travel in biologically important 
(e.g., tropical rainforest) than from repe: ated 
attendance at university summer sessions, in- 


areas 


sery ice courses, etc. 
3. Teachers should 
conferences as this so that they may 


attend such informal 
freely 
exchange ideas and experiences on biological 
problems, such as man’s food supply. 

4. The development of interested and stim- 
ulating teachers is in considerable degree the 
result of the teaching attitudes and enthus- 
iasms of college pr yfessors who help to train 
teachers. 

Biology teachers should receive new ideas 
to use in their classes from sessions like these, 
from journals, and from travel. This will help 
them in presenting new information and tech- 
niques on increasing man’s food supply on a 
larger scale to help solve those problems aris- 
ing from rapid population increase. Some sug- 


gested topics are: 


1. Rodent control. 

2. Local conservation projects, emphasizing 
soil conservation and maintenance of soil 
fertility. 

3. More 
food and eating habits. 

4. Reclamation projects to irrigate 
food production. 


cosmopolitan attitudes toward 
lands 
now too arid for 

5. Improvement of crop \ ields through 
breeding, selection, and other biological 
methods. 

Discussions were held on the proper place- 
ment of such topics in school levels, and the 
following suggestions were made: 

|. The introduction of this gener: al topic 
should be made in the lower gr: ades. 

2. There was general agreement that spe- 


cial units on this — were probably not 


because various aspects of this sub- 


necessary, 
ject could be ieetined into the study of: 
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Photosynthesis. b. Conservation. Insects 


and fungi. 
3. ‘These various aspects, treated separately 
in connection might be 
drawn together in an ec logical unit in sum- 
mary fashion, for the whole “problem of man’s 
food supply is basically an ecological problem, 


Some handic: aps to adequate food distribu- 


with such topics, 


tion on a world-wide basis were pointed out: 

1. Economic problems related to shift of 
food supplies from have-countries to have-not 
countries; of payment, of economic 
exchange 


ve 


{ of reduction of surpluses of some 
areas and the distribution of such surpluses 
have-not areas. 
2. Problems 


and spre: ad. 


rf crop-disease introduction 


3. Psy chologic: il, religious, and ethical at- 
titudes which often create food taboos. 
opportunities, and 


trans- 


leaching difficulties, 
methods by 


mitted to students were listed, 


which content may be 


as follows 


A. Teaching difficulties. 
|. Lrespassing upon social studies. 


Some of the problems involved are ex- 


tremely complex; when world political and 
economic leaders have been unable to solve 
some of these problems, it is difficult to con- 
duct satisfying studies of these problems. at 
the high-school level. 

3. Cut-and-dried, 
books often given no opportunity for adequate 


mass-production work- 
treatment of such complex topics is food 
supply. 

4. Under crowded classroom conditions, it 
is often difficult to avoid straight textbook 
teaching, which is not well-designed for teach- 
ing this topic. 


B. leaching opportunities, 
1. Motivation is 

and familiar area. 
2) Integr: ation ot biologic al with geoor aph- 


materials 1s 


simple in. this 


ical, meteorological, and other 
simple. 

3. Demonstration that 
entific principles and discoveries is not inher- 
ently simple but that it is frequently compli- 
cated by social attitudes and problems. 

4. Opportunity an impor- 
tant principle, namely, that applied science in- 


applicat ion of. sci- 


to demonstrate 


evitably grows out of pure science research. 


& 
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Cts 5. Opportunity to demonstrate that ulti- 
mately human survival may depend upon solu- 

>}y tion of the problems of increasing world’s 

be food supplies. 

m- C. Teaching methods. 


Ns l. aids. 


[hese include a number of items in addition 


Audio-visual 
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b. To dairies and creameries. 


c. lo grocery stores. 
d. To gardens, especially school food 
gardens. 


4+. Junior science projects. 
5. Local conservation projects. 


The consensus was that teaching methods 


Mu to the traditional slides and films, such as the depend upon the teacher. We must have 
ut blackboard, the microscope, microprojector, greater coordination of biology with other 
of and actual specimens. Danger in over-use of sub jects to develop major concepts and sug- 
lot films; films should be limited in their use and gested solutions of the problem of the world’s 
a should be employ ed chiefly to demonstrate food supply. Biology teachers have an obliga- 
“= materials which cannot be suitably demon- tion to bring into their teaching other topics 
SES strated in any other way. Many films now which may be related to purely biological 
available contain scientific errors. NABT topics. They must, for ex ample, relate biolog- 
a might be able to do something about produc- _ 1¢ al facts and principles and problems to eco- 
tion of films of higher quality and accuracy. nomic and social fields when such relation- 
it Research projects. , ships are indicated. In teaching topics which 
Among such projects for individual or have connections with human social attitudes, 
ind croup work by students are: economic outlooks, and philosophical values, 
S , 1. Study of what has been accomplished teachers must handle these connections ad- 
in increasing crop yields, e.g., in hybrid roitly and without giving offense and at the 
corn . ; same time must avoid the sacrifice of scientific 
b. Studv of diets. truth and accuracy. 
Study of food chains, pyramids, and EpNA 
cycles. University School 
ind Field trips. Pittsburg, Pennsylvania 
mide lo farms and slaughter houses. Recorder 
on 
rk- 
late 
ood 
it 
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ip 
Ci 
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Human Genetics 
H. O. GOODMAN, 


Assistant Professor of Zoology 
Michigan State University 


Without suggesting that human genetics be 
the indispensable course in any high schoo] 
teacher’s curriculum, for several reasons the 
subject deserves high pri- 
ority among the possible 
disciplines a teacher might 
elect to study. The fact 
that much of high school 
is centered around 
man recommends the study 


biology 


f human genetics as a nec- 
part of a balanced 
un lerstanding of human 
gv. F urther, any study 

of human health is incom- 
plete without considering the individual's 
otype or the population’s genetic composition. 
The force of the preceding argument. will 
tend to become greater with the ever-increas- 
ing relaxation of selection pressures in human 


essary 


biology. 


gen- 


populations and with our increasing knowl- 
edge of heredity. Finally, if part of effective 
pedagogy includes capitalizing on the native 


interest of the student, human genetics is de- 


sirable subject matter, holding, as it does, 
great interest for both the high school and 


the college student. 
that human genetics is to be a 


part of the high school biology course, we 


Pr resuming 
may then ask what might constitute adequate 
teaching training in this area. There 1s, of 
course. some know ledge necessary for under- 
standing heredity at any level of competency. 
A minimal core would include elementary 
transmission genetics, 1.€., Mendel’s laws, 
polygenic multiple alleles, auto- 
somal and sex-linkage, mutations, and the re- 
lating of the foregoing to the structure and 
behavior of the chromosomes. 

In addition to these basic genetic principles, 
the student should be acquainted with the 
unique problems in human heredity result- 
ing from human habits of reproduction and 


f performing breeding ex- 


the impossibility O 
periments. More specifically, the 
should acquire some knowledge of the theory 


student 


and practice of determining the hered- 
itability of human _ traits. Classic Men- 
delian ratios are rarely observed in human 


pedigrees both because of the small average 
size of human because of 
quent biases in the selection of families to be 
studied. The ge size of today’s 
families leads to relatively random de- 
viations between the number of persons one 
expects to exhibit a particular trait in a single 
and the number observed to have the 
a normal man and his 


families and fre- 


small average 


large 


family, 
trait. For example, 
normal wife both happen to be heterozygous 
for albinism, they may expect one- fourth of 
their children to be born albinotic. Hence, if 
they plan on a four-child family, one child 
would be expected to be an albino. However, 
among all four-child families with parents of 
the same genotype as the foregoing, 26 per 
cent will have, by chance, two or more al- 
binotic offspring I his hy pothetical case may 
be followed further to illustrate one type of 
bias in the selection of families we might in- 
clude in a study. Since we cannot at present 
determine which 
for the gene producing albinism, we detect 


parents are heterozygous 
them only when they have already produced 
one albinotic child. Thus, children from one 
child families included will all be albinos. For 
families in which both 
parents but 
chance have produced four normal children, 
would be omitted from our study. Correcting 
s, among. all 


the same reason, the 


were heterozygous, who. by 


unavoidable omissions, 


which 


for these ¢ 
four-child families we could observe 
we would expect that 38 per cent of them 
would include two or more affected offspring. 
Finally, if we sum all the normal and affected 
children in these four-child families, we would 


expect to find 36 per cent of the total to be 
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albinotic rather than the classic Mendelian 

per cent. Reed (1955) includes the Mack- 
lin method for making such corrections. The 
considerations above do not abrogate the fact 
that a man and wife, both heterozygous for 
the gene producing albinism, have one-in-four 
chance of producing an albino child with each 
pregnancy 

[he corrected expectancies cited above are 
all based on an expansion of the bionomial, a 
fact which leads to the suggestion that any 
student who has not had prior training be in- 
troduced to some of the elementary principles 
of statistics to the extent that they prove nec- 
essary to a Course in genetics. A rigorous ma- 
thematical treatment of genetics is obviously 
not feasible in elementary course, and it 
is anticipated that an instructor will adopt an 
ipproach key ed to his students’ degree of so- 
phistic ation. 


Population genetics should be an integral 
part of a course in general or human genetics. 
Population genetics is the study of the mech- 
nisms V hereby the relative frequency of two 
or more) contrasting alleles is maintained 1 
or altered through the 
of mutation, selection, migration, and random 
gene fluctuations. This recently developed 
irea forms the fundamental basis for under- 
standing evolution and its stepchildren, tax- 
and speciation. The fact that many 
high school courses and textbooks of biology 
use evolution as one of their major themes 
provides ample justification for teaching pop- 
ulation a enetics in an elementary genetics 
course which prospective high school teachers 
might take. Stern (1949) clearly presents the 
basic principles applied to human populations. 
\dditional time should be devoted to twin 
consanguinity, the detection of he- 
terozy gotes, the fascinating 
logic al and developmental genetics, and the 
ge-old and often misunderstood problem of 
relationship between heredity en- 
[hese suggestions should not be 


ONOTNN 


studies, 
fields of phy sio- 


a 


vironment. 
interpreted as absolute minimal requirements, 
it being presumed that the teacher will be 
guided by his own training and experience, 
the time allotted for the course, and the in- 
terests of his students. 


The extension of the basic concepts to med- 
ical and socio-economic problems such as 


HuMAN GENETICS 


mental illness, mental deficiency, and other 
disease states is worthwhile, but poses some 
practical difficulties. The principle problem 
is that the most common medico-social prob- 
lems are not single disease entities, and, be- 
cause of their diagnostic and genetic com- 
plexities, are less well understood than the 
better defined but less frequent hereditary 
abnormalities. There is value in demonstrating 
the applications of genetics to medico-legal 
problems and to counseling individual families 
concerning hereditary abnormalities. The 
broad implications of genetics in the related 
areas of race, immigration, eugenics, and evo- 
lution present further possibilities. As a 
device for increasing the breadth of the 
students’ knowledge, one might examine the 
increasing sy mbiosis between human genetics 
and the fields of anthropology, medicine, and 
psychology. The teaching of any methods or 
applications should be well tempered with 
the recognition of their limitations and an 
awareness of the dangers of oversimplification. 
It seems apparent that without integrating 
some of these broader topics with the study of 
fundamental principals, these ramifications 
could be discussed only briefly. 


Ideally, the sequence to be followed by a 
student interested in human heredity would 
consist of an introductory course ‘in basic 
genetics followed by an additional course in 
human genetics. However, with the recog- 
nized need for a balance between breadth and 
depth in teacher training, a schedule resulting 
in one-third or more of a student's biological 
training being in genetics is unrealistic. Two 
alternatives are immediately apparent: (1) 

provide a general genetics course which 
emphasizes human applications or treats the 
human case terminally, (2) to provide a 
course in human genetics which includes all 
necessary general genetics. The former alter- 
native, of necessity, could treat the human as- 
pects in only a cursory fashion, and the latter 
would be forced to omit from consideration 
many special genetic situations to be found 
in plants and in animals other than man. Either 
course should emphasize the universality of 
the basic principles, and, to the extent that 
either succeeds, the dilemma created by 
limited time for training is resolved. At the 
present time choice yields to necessity, there 
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being few colleges which offer human gene- 
tics without requiring a prior course in gen- 
eral genetics. 

Considered from the standpoint of biology’s 
contribution to daily living, 
justifiably included within the curriculum of 
all biology teachers. One valuable by- -product 
of training in human genetics which cannot 
be measured easily is the effect such tr aining 
has on the teacher’s recognition of the impor- 
tance of individual differences. Possibly no 
other course more clearly documents the ex- 
tensive variability to be found in human pop- 
ulations. 


genetics could be 


Human heredity may, of course, be taught 
employing lectures alone, but the possibility 
of the judicious use of audio-visual aids should 
not be overlooked. The projection of slides 
or the presentation of scientific and documen- 
tary motion pictures will reinforce lectures 
r provide experiences which have greater 
g the student when he 
well as hears them. A w ell-planned field trip 
to a state institution such as a mental hospital 
will provide numerous examples of human 
hereditary traits, and is especially valuable if 
the personnel of the institution can be per- 


significance for sees as 


suaded to present a clinical demonstration of 
them. Other aids to teaching are limited only 
by the imagination f the instructor. 

An annotated list of of the current 
books useful for self instruction, teaching, or 
research in human genetics is appended for the 
interested reader. High school students will 
be able to make use of some of these refer- 
ences. Because the reading skill and biological 
background needed for understanding ; 
varies widely from one book to another, the 
teacher’s evaluation of the materials should 
precede any assignments. 


some 


them 


human genetics 
prospective 


In summary, the study of 
has practical value for any 
teacher. Its brief history can be used to ex- 
emplify progress in scientific thought and to 
demonstrate the ever-present need for further 
research. Finally, after all of the technical de- 


tails of such a course have been long for- 
gotten, its study may yet contribute to the 
formation of attitudes both reasonable and 


necessary to living in today’s world, crowded 
as it is with the highly 
prising mankind. 


variable groups com- 
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Recorder's Report of Discussion on 


Human Genetics 


Group discussions on human_ inheritance 
iround four main themes: 1) Why 
should human genetics be studied in high 
school? 2) What should the teacher have 
3) What 
concepts and information on human inheri- 
tance should the high school biology course 
+) How can these topics ‘be taught 
in an accurate, understandable, meaningful and 


centered ; 
earned in order to teach this subject? 


include 


stumulating way? 

Ihe focal object oft f biology is the total or- 
ganism in its environment. The organism 1s 
a system in which every component and proc- 
but analyzable— 
interweaving of sets of genetic and environ- 
factors. To understand events at all 
levels of organization in living systems one 
; among other things, the 
processes determining the genetic endow- 
ments of individuals, populations and _ species, 
is well as the role of genetic determiners in 
development and function. This principle is 


ess reflects the indissoluble, 


mental 


must understand, 


the basic justification for high school study of 
One key objective of the 
course is to help the student know himself and 


human heredity. 
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mankind as organisms. In human biology 
genetics is an indispensable chapter. 


In the preparation of the teacher, human 
genetics has a two- fold importance. His own 
know ledge of the field will obviously deter- 
mine what he can teach. Furthermore, his job 
is to create school experiences, i.€., environ- 
mental conditions, which foster the full reali- 
zation of his students’ genetic potentialities; an 
acquaintance with the facts and implications 
of human heredity can be helpful both in the 
formulation of his educational philosophy and 
in specific classroom situations. For ex ample, 
he can aid students in obtaining informed 
genetic counseling as well as the background 
understanding needed to interpret such ‘advice. 


One requisite phase of the biology teacher's 
preparation is a substantial treatment of gen- 
eral genetics, including fundamental principles 
of the mechanics of inheritance, develop- 
mental genetics and population ¢g genetics, to- 
gether with a consideration of their implica- 
tions for other biological areas and study of 
the exemplification of principles in all major 
groups of organisms. Human ex amples must be 
included. So far as known, the principle of 
transmission of inhereditable properties are 
the same in men as in other groups. However, 
the analysis of the mode of inheritance of 
specific “traits requires somewhat different 
techniques, which the prospective teacher 
should understand. This requires an elemen- 
tary knowledge of statistics (which is also 
essential for most other biological fields as 
well as many disciplines among the social sci- 
ences and in education). These methods have 
had a major role in the development of pop- 
ulation genetics, so that human genetics 
provides an excellent entree into a field basic 
to modern analysis of biosystematics and 
evolutionary dynamics. 

So long as this content is part of the pros- 
pective teacher’s curriculum, its course place- 
ment is a matter of local institutional prefer- 
ence. Some first-year general biology courses 
elect to treat genetics rather fully as a central 
biological topic. More often the material forms 
part of an advanced general biology program 
or a general genetics with attention to the 
special case of man or a separate human hered- 
ity course which attempts also to indicate the 
wide applicability of the fundamental prin- 
ciples among organisms of all kinds. 
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In the high school course human genetics 1s 
properly regarded only as a case of special in- 
terest in the framework of general genetics. 
The aim is to dev elop an understanding of the 
basic hereditary phenomena as they Operate in 
all organisms, to use examples from a variety 
of groups, but also to include some considera- 
tion of human examples and human implhi- 
cations. 
school biology course 
generally the smaller 


This need not, 


The average high 
allots two to five weeks, 
number, to the genetics unit. 
and perhaps should not, come all in one block. 
The concept of variation, the distinction be- 
tween genetics and environment in influencing 
variation, the role of mutation in the origin of 
inherited differences, and some implications 
for other areas are concepts which can be in- 
troduced early in the course, either on the 
basis of student familiarity with people, family 
lines and apparent inheritance, or from field 
trip observations. Even the key concepts of 
genetic segregation and independent assort- 
ment can be introduced at this point. How- 
a unit is needed for systematic treatment 
reference 

aspects. 


ever, 
of transmission 
to developmenta 
Implications should be referred to both be- 
fore and after this unit is taught. The material 
is often placed after consideration of the func- 
plants and animals and 


o with some 


e netics, 
1] and populational 


tional organization of 
before consideration of topics like evolution 
and ecology. A know ledge of the rudiments 
of population ¢ genetics and mutation is, indeed, 
indispensable for understanding evolutionary 
mechanisms. 

Hybrid corn, livestock breeding, 
varieties of flowers and similar local applica- 
tions of genetics may also serve to introduce 
the instructional unit. The students and their 


families provide another source of interest and 


evarden 


material. Elementary Mendelism is perhaps 
best treated by careful analysis of one or a 
very few cases; students can then work out 


individually selected problems to illustrate the 
wide validity of the basic rules. For this pur- 
pose the teacher is advised to use the few traits 
for which the mode of inheritance is simple 
and relatively securely established and which 
can be identified readily, such as thumb hy per- 
extensibility, attachment of ear lobes, curved 
and straight little fingers, mid-digital hair, 


ABO, MN, Rh blood types, PTC tasting. The 
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students may then be encouraged to look for 
particular f familial traits which seem to be in- 
herited, collect pedigrees, and attempt analysis 
of them. This can be a useful exercise in in- 
vestigative methods, since they should be led 
to see the hazards of basing analysis on one or 
a few pedigrees. At the same time, they may 
come up with some interesting cases deserving 
of further study. For it should be pointed out 
that human genetics is one of the youngest of 
the biologic: al sciences, that its importance for 
medicine and other fields is growing rapidly, 
and that it forms a wide open career field for 
those who develop special interest and com- 
petence. 

Biochemical and developmental genetics are 
probably best treated at this level with illustra- 


tions from organisms other than the human, 
but enough is known about a bee human 
traits, such as sickle cell anemia, to provide 

basis for study. Polygenic recast 4 variable 


variable and genic 


expressivity, 
be pointed up in relation 


penetrance, 
interaction 


to dev clopment. 


May 


Depending upon student background, the 
teacher may be able to introduce a 
mentary statistical concepts and computations. 


Statistics 


tew cle- 


Because of the importance of 


varied fields human endeavor, these topics 


can rightfully claim a place in high school 
instruction. 


the physical basis of inheri- 


In discussing 
the study 


tance there is wisdom in separating 
of mitosis from that of meios's. The former 
can come early in the course, when cells o1 


micro-organisms are studied, since it is essen- 
tially a method of cell multiplication. Chro- 
mosomes, the chromosome its 
transmission from parent to daughter cell < 

concepts which can be introduced at this time. 
In the genetics unit, after an understanding of 
\lendelian principles has been developed, a 
very simple outline of meiosis can be pre- 
films of the process vividly demon- 


Meiosis must, of 


sented; 
strate its dynamic character. 
course, be referred to in gametogenesis and 
sporogenesis, but the actual production of re- 
productive cells may well be incorporated | 
sections on reproduction of animals and plants. 
Interest in varied human populations and 
the fact that a fair information is 
avaliable on the geographical distribution of 


amount of 
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certain alleles makes man a useful object to 
illustrate the elementary ideas of population 
genetics: genetic composition of a population 
and the operation of mutation, selection, mi- 
ind genetic drift in determining that 
composition. [hese concepts are, of course, at 
the heart of an understanding of the mechan- 


gration 


sims OF evolution. 

According to student interest and time 
available the course may consider various 1m- 
plications of human genetics. Examination of 
such still popular fallacies as maternal impres- 
sion will help one appreciate how not to in- 
vestigate problems and the difficulties in cor- 
rect analysis. With increasing use of atomic 
energ\ ind incre sing possibilities of exposure 
to radiation, students should understand the 
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mutagenic effect of high-energy radiation, the 
fact that our know ledge in this field is very 
limited, and the possible hazards of increasing 
mankind’s load of deleterious mutations. A 
knowledge of human heredity should help stu- 
dents understand the role of environmental 
opportunity in realization of human potential- 
ities and the real nature of human differences. 
Thereby he may be better equipped to ap- 
preciate men the world over in their rich and 
fascinating variety, their fundamental likeness 
and promise. 

RicHarp E. PAULSON 
National Research Council 
Washington, D. C. 


Recorder 


Discussion Group—Part | with Jeffers, Dana, and Conyers as leaders. 


le 
nd 


Health and Disease 


ROBERT 


A. BOWMAN 


Assistant Director, School of Public Health. 
University of Michigan 


Almost any approach used in the te: aching 
of biology—morpholagical, physiological, eco- 
logical, « or other—cannot help but include im- 
portant aspects of health 
and disease. The South- 
eastern Conference on Bi- 
ology Teaching a year ago 
recognized this and con- 
tended that the 
teacher is the person best 
qualified to give health in- 
struction. Thus there seems 

be little need to justify 
giving consideration at this 
conference to health and 
disease as an essential content area of biology. 
However, this topic does differ from the 
others under consideration at this conference 
in that health and disease instruction may be 
dispersed widely in the curriculum with some 
of the content ‘outside the department of bi- 
ology both in the college preparation of the 
teacher and in the high school instructional 
program. 


biology 


Preparation of the Biology Teacher 
The biology teacher should be prepared to 
assist ocean in acquiring or extending their 
aggregate of scientifically accurate know ledge 
of health and disease through instruction or 
in the handling of classroom or school situa- 
tions and in the development of desirable at- 
titudes pertaining to personal, family, and 
community health problems. Furthermore, his 
preparation should be sufficiently adequate to 
enable him to make a contribution, and give 
leadership w hen necessary, to the solution of 
school and community health problems. In 
order to provide the broad background es- 
sential to perform these functions, the biology 
teacher should be well-prepared in five con- 
tent areas: human anatomy and physiology, 
human growth and development, communi- 
cable diseases, non-communicable chronic dis- 


eases and common impairments, and the or- 
ganization, resources, and facilities for health 
available in communities, states, the nation 
and the world. 

As a foundation for any instruction in the 
field of health and disease a thorough under- 
standing of human anatomy and physiology 
is essential. The knowledge of the structure, 
function, and integration ‘of body tissues and 
systems provides a base upon w hich many of 
the necessary additional un derstandings can be 
built or related. Such a foundation also de- 
velops an overall appreciation for the complex 
and wonderful organism that the human body 
is. 

lo be complete this study should give full 
attention to the human reproductive system, 
so often omitted or slighted. This leads di- 
rectly into a second big area of competency, 
that of human growth and development. To- 
gether these should provide understandings of 
normal sex relations, pregnancy, the develop- 
ment of the fetus, the birth process, prema- 
turity, birth injuries and congenital defects; 
the phy sical and accompanying mental, emo- 
tional and social development during infancy, 
early childhood, later childhood, adolescence, 
and adulthood including the later years; the 
variations in growth patterns, and the phy- 
siological effects of exercise, rest, and sleep. 
Gerontology —the scientific study of the aging 
process and associated diseases—is competing 
today for a comparable place in research and 
in professional and public interest which child 
growth and development has enjoyed in more 
recent decades. Important new concepts with 
health implic: ations are emerging. 


Since food intake is such an important fac- 
tor in growth and development, and may even 
limit reproductive ability, concepts of food 
and nutrition assume great significance. This 
necessitates thorough understanding of the es- 
sential nutrients, the composition and nutritive 
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Che public health nurse is a resource available in many communities to assist in teaching programs. Here the 
public health nurse demonstrates a technique for a group of girls interested in nursing. 


of foods, food demands for normal 
food-growth relationship, food 
during pregnancy and lactation; fac- 
tol luencing gain and loss of weight; fam- 
ily food patterns; food patterns common to 
appreciation of the 
extent of malnutrition in all parts of the world 
especially in under-dev eloped areas. 


metabolism; 


den ind 


cultural groups; and an 


also is the rather large and im- 
portant field of mental health. A thorough 
underst nding of the principles of mental 


R¢ d here 


health, motivation, the varieties of adjustive 
behaviour in coping with problems, intra- 
family and inter-personal relationships, and 


the technics and practices of mental hygiene 
1S essential. 

Dentition is another important phase of 
emphasis here, and one often neglected. Clear- 
cut concepts on the development and erup- 
tion of the deciduous and permanent teeth 


are an important base for the entire study of 
dental health needs. 


The control of communicable diseases re- 
quires eternal vigilance to hold and improve 
upon the gains made since the early beginnings 
of the golden age of bacteriology. Here it is 
important to understand the nature of the in- 
fectious process, the defenses of the body, the 
mechanism of antibody-antigen reactions, 
kinds of immunity, recommended tests and 
immunization procedures and other means of 
prevention or control. Also basic to an under- 
standing of the common communicable dis- 
eases is knowledge of the etiological agents, 
life cycles, routes of transmission, alternate 
hosts, and the principles of epidemiology. 


The common cold, tuberculosis, and other 
respiratory diseases continue to be of major 
concern and are worthy of special attention. 
Venereal diseases should be considered here as 
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communicable diseases rather than in discus- 
sions of the reproductive system or sex re- 
lations. 

Regional variations in disease control prob- 
lems, the status of the disease problem and 
sanitation facilities in under-developed areas 
of the world, the need for research on con- 
trol measures for parasitic diseases such as 
schistosomiasis and filariasis, the control pre- 
cautions taken at points of entry to the coun- 
try and immunizations required for foreign 
travel are also of consequence. 

Application of these understandings to per- 
sonal cleanliness and environmental sanitation 
for individuals, the family, and community 
are significant concomitant concepts. This 
helps explain, at least in part, the why of the 
daily regimen of hand-w ashing, bathing, care 
of the skin, hair, nails, and mouth; first aid 
procedures, and isolation of the sick. It fo- 
cuses attention too on the importance of in- 
dividual, family, and community 
about the manner in which the food 1s 
handled, and prepared, with dish- 


concern 


stored, 
washing procedures; with safe supplies of 
“food, milk and milk products, with 


garbage and 


water, 
safe disposal of human wastes, 
refuse; with insect and rodent control meas- 
ures; with air sanitation, with housekeeping 
procedures in the home, school, food estab- 
recreation and resort areas, and 
[he importance of 


lishments, 
the community at large. 
these procedures in disease control and com- 
fort and convenience necessitates a thorough 
knowledge of the recommended practices. 
The significance of each individual, each fam- 
ily, each community, and each nation in as- 
suming responsibility for the control of com- 
municable diseases and sanitation should be 
stressed. 

With an estimated one in six people in the 
United States and one in two in the world 
form of chronic com- 
knowledge of non-com- 
municable chronic diseases and common im- 
pairments extremely — significant. 
While many of these diseases are present from 
infancy throughout life and have been recog- 
nized as problems over the years, they have 
taken on new importance recently as knowl- 
edge of prevention, control, and treatment 


suffering from some 
plaint or disability. 


becomes 


has removed many of the communicable dis- 
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eases from the lists of major causes of death 
and .high incidence of morbidity in this and 
some other nations. 

Concepts of the nature and causes, preval- 
ence, social significance, relative importance, 
achievements in research, and the measures 
for prevention and control of chronic ill- 
nesses and impairments constitute the impor- 
tant understandings associated with this field. 

The list of chronic illnesses and impair- 
ments is long. Some which might be included 
are heart and associated cardio-vascular-renal 
cancer, impairments resulting from 
accidents, mental and emotional instabilities, 
arthritis and rheumatism, diabetes, dental ca- 
ries and periodontal diseases, malnutrition, 
vision and hearing defects, acne and other 


diseases, 


aller gies, digestin e disturbances, 


alcoholism, drug addiction, 


dermatoses, 
food poisonings, 
handicaps, 
and muscular dystrophy. 


orthopedic malformations, epi- 
lepsy, cerebral palsy, 

[he place of screening programs conducted 
in schools, industry, or the community at 
large in detecting chronic conditions should be 
understood and appreciated. No discussion 
of dental caries would be complete today 
without adequate attention to the importance 
of diet in dentition and the caries process and 
to community provisions for fluoridation of 
public water supplies or the topical applic a- 
tion of sodium fluoride to control dental 
caries. 

An understanding of the organization, re- 
sources, and facilities for health available in 
communities, states, the nation, and the world 
is essential to anyone carrying on health edu- 
cation. This includes knowledge of the pro- 
visions for organization, administration, and 
supervision of health; the 
functions of both tax-supported health agen- 
cies and those financed by voluntary contribu- 
tions; the important role of the private prac- 
nursing, vet- 


objectiy es and 


titioners of medicine, dentistry, 
erinary sanitary engineering, and 
other specialities and their professional or- 
ganizations, the provisions for medical care, 


medicine, 


hospitalization, and nursing services for the 
sick at home; and the programs and services 
of health agencies such as communicable dis- 
ease control, environmental sanitation, labo- 
ratory, biostatistics, health education, chronic 


disease, and services for special groups such 
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as mothers and young children, the aged, the 
handicapped, schools, and industry. 


Ihe story of the modern health movement 
in this and other industrialized areas of the 
world 1s a fascinating one. The role of lay 
citizens as well as professionals in its inception 
ind development, the devotion of its 
leaders, and the achievements in the past cen- 
tury contain elements of a story that rivals 
that of any social movement. Today World 
Health Organization activities, especially those 


in under-de veloped areas of the world, are 


y 


Writing 
Knowledge and appreciation of these past and 
activities add interest and _ vitalize 


health instruction. 


interesting new chapters in this story. 


current 


The biology teacher is the person best qual- 
fied to give health instruction by the very 
ature of his broad base provided in the gen- 
al biology courses. An extension of this 


prepal ition to include the five areas above 
will make him eminently qualified to select 
instruction in 


terms of the health needs, interests, and prob- 


content and experiences for 


lems of high school biology students. 


Further undergr: aduate or graduate study 
which includes such sciences as embryology, 
genetics, biochemistry, psychology, bacteri- 


ology, 
den niology, sanitation, mycology, entomology, 
hygiene, nutrition, environ- 
mental sanitation, and related branches and 
courses in personal and community health, 
public health, maternal and child health, men- 
tal health will provide further breadth as well 
is depth of understanding 


virology, parasitology, pathology, epi- 


physiological 


Health and Disease As Content For 
a School Biology Courses 


Since health instruction is widely dispersed 
irre school curriculum and since the 
health needs, interests, and problems of high 
students and communities will vary 
selection of the content on health 
and disease to be included in the high school 


schoo 


widely, 


biology course will need to take all of these 
factors into consideration. It would seem im- 
possible to teach a course high school bi- 
without giving attention to at least 
soni aspects of health and disease. Beyond 
amount included may be determined 


by what is being well-taught elsewhere in the 


ology 


this the 
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One of the many duties of the public health engineer 
is to assure communities that water is-safe for drink- 
ing and bathing purposes. Here the engineer and 
some of the college students are checking the safety 
of water in a college swimming pool. 


total school experience of the students. What- 
ever is to be included may be integrated with 
other course content or may be taught as en- 
tire units. Some suggenes content for health 
units in biology are:* 


|. The basic processes of digestion, circula- 
tion, reproduction, assimilation, respira- 
tion, excretion, sensory stimulation, and 
muscular response. 

2. The phenomena of grow th, including hu- 
man development. 


3. Adaptations of organisms to their en- 
vironment including the biological faults 
in man’s modern city environment, such 
as lack of sunshine, fresh air, and space 
for muscular activity. 

+. The relation of man to microscopic or- 
ganisms. 

5. The control and prevention of many dis- 
eases. 

6. A study of man’s nervous and endocrine 

systems and their interdependence. 


‘From: American Association of School Admin- 
istrators, Health in Schools, p- 171. 
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Experiments and Methods for Transmitting 
Content on Health and Disease to Students 

A complete list of experiments and methods 
for transmitting knowledge of health and dis- 
ease to students is voluminous and cannot be 
In general these methods can 
categories mentioned 


included here. 
be grouped in the four 
below. 

Laboratory work and demonstrations. Most 
biology teachers are acquainted with the use 
of live labor atory animals to demonstrate con- 
cepts such as the circulation of blood, the re- 
productive process, sensory stimulation, nor- 
mal and deficiency diets, etc.,; the use of pre- 
served vertebrates to teach about organs and 
systems; simple experiments to show the nu- 
foods, action of enzymes, 
transmission of bacteria, 


trient content of 
erowth of bacteria, 
etc.; simple demonstrations to illustrate ac- 
vision defects, taste 
chest expansion, ar- 


commodation of the eye, 
sensations, lung capacity, 
tificial respiration, effects of exercise, presence 
of red and white blood cells, etc. 


Visual aids. A large number of charts, an- 
atomical models, paper and wax food models, 
posters and films are available to supplement 
textbooks. references, and discussions about 
health and disease. Most teachers are 
of the number of good films available to aid 
in teaching the anatomy and physiology of 
various organs and systems. Most state health 
departments have film libraries from which 
films pertaining to personal and community 
and advances, 


and non-com- 


aware 


health, scientific discoveries 
health careers, communicable 
municable diseases, growth and development, 
mental health, dental health and similar topics 


can be obtained. 


Community resources and facilities. Health 
personnel from local or state health depart- 
ments, voluntary health agencies, hospitals, or 
professional societies are resources which can 
be used to vitalize the teaching and create in- 
terest in local health problems or in careers 
in the health professions. They may provide 
demonstrations, conduct tours, 
cuss health problems. 


or help dis- 


Health educators employed by local and 
state health agencies are especially prepared 
to assist school groups in this manner. Nu- 


tritionists are well-equipped to help demon- 
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strate and discuss food intake, meal planning, 
special demands of pregnancy, the diet prob- 
lem, food fads, etc. The sanitary engineer or 
sanitarian can assist with student ow of 
r any other 
demon- 


school lunchroom facilities and/<« 
portion of the school or 
strate water or milk sampling, dish and food 
inspection procedures, or discuss sew age dis- 
posal, insect and rodent control, etc. The 
health officer, local physician, or the school, 
wr public health nurse can help dem- 


visiting, 
isolation 


onstrate immunization procedures, 
and home, in- 
fant care, 
they can help discuss community resources 
for those afflicted with conditions, 
services to special groups such as mothers and 
infants, the handicapped, the aged, etc., or 
state, national, and world health problems and 
resources. Dentists or dental hygienists can 
demonstrate the topical application of sodium 
discuss current studies in dentistry 
dental caries, 
diseases of the soft tissues of the mouth, flu- 
oridation, etc. Medical or laboratory tech- 
nicians may be called upon to demonstrate 


care of sick at 


screening procedures, etc. Or 


chronic 


fluoride or 


relating to enamel formation, 


simple diagnostic or research procedures, cul- 
ture methods, current research, etc. Represen- 
tatives of local voluntary health agencies are 
eager to help discuss the programs of their 
organizations. 

Surveys, records, and reports. The list here 
is limited only by the ingenuity of the 
and student. Wider use should be 
made of school health records to illustrate 
growth patterns, variations in height and 
weight by age groups, immunization level of 


teacher 


the “class, and similar topics. 


Records of daily food intake; surveys of 
foods grown in home gardens or on farms 


area or enriched foods sold in local 
stores; or World Health Organization reports 
on and related problems all can 
be used to add interest to studies of food and 
nutrition. 

Surveys of sanitation in the school lunch- 
or elsewhere illus- 


in the 


room, gymnasium, 
trate concepts or uncover health problems 
needin g attention. 

Surveys or reports on the transmission of 
the common cold in a family, community or 
state regulations or communicable diseases and 
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Ni methods in research hastened the introduction 
of the Salk vaccine. Here the virologist examines 
tissue cultures of polio virus which have been re- 
moved from the incubator. The time required for 
isolation of polio virus was cut by one-fourth or 
more when tissue culture methods were made avail- 


ible to replace the use of live monkeys. Cost was 
ed from thirty-five dollars to forty cents. 


environmental sanitation, current research on 
health problems, World Health Organization 
priorities, research, the work of expert panels, 
advisory and technical services, and similar 
topics will help create and retain student in- 
terest. 


Selected Re ferences on Health and Disease 


Association of School \ dministrators. 
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N. Y.. Public Affairs Committee, Inc. 

Report of the National Committee on School Health 
Policies of the National Conference for Coopera- 
tion in Health Education. Suggested School Health 
Policies: A Charter for School Health. Chicago: 
American Medical. Association, 1946. 
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N. Y.: Prentice-Hall, 1954. 

Stackpole, Caroline E. and Leavell, Lutia C. Labora- 
tory Manual in Anatomy and Physiology. N. Y.: 
Macmillan, n.d. 


Fourth Edition. 


Recorder's Report of Discussion on 


Health and Disease 


Each discussion group responded in its own 
way and made its own contribution to the 
talk in which Dr. Bowman presented his idea 
of the ideal background of training in health 
education for the biology teacher. His paper 
was presented with the understanding that a 
teacher, so trained, can then select on the 
basis of community needs adequate course 
content from the area of Health and Disease. 

Throughout the five groups there were 
threads of continuity in the discussion of Dr. 
Bowman’s paper. 


1.) Attention was called to the dangers 
presented by administrative and state 
requirements, which continually whit- 
tle down the time needed to study ba- 
sic biology content. 

2.) It was recommended that the planning 

of course content in health take into 

consideration the areas of interest and 
previous knowledge of the students. 

In school situations where health is 

handled as a separate course or in so- 


if 
| 
*, 
pal! 


cial studies or family relations, it falls 
to the lot of the biology teacher to 
stress and include in this course the 
biological implications of sanitation, 
diseases and health practices. 

4.) It was recommended strongly that in- 
struction in health emphasize positive 
attitudes and avoid establishing phobias 
and feelings of fright in the minds of 
the students. The possible danger of 
creating additional mental health prob- 
lems in the minds of students was rec- 

centered 


ognized, discussion 


around w ays this could be avoided. 

Biology teachers have the responsibility 
to develop in every student w holesome 
attitudes toward human reproduction 
as a natural process, that death is not 
evil but a part of the biological process 
of life, that saprophytes and parasites 
have a natural and important place in 
the organic cycle, and that decay of 
organic matter precedes physic: al build- 


up of other organisms. 

6.) It is important in biology to develop 
in every student an understanding of 
the relationship that exists between 
sanitation and communicable disease 
control. 

7.) It was recommended that in the bi- 
ology classroom the emphasis in health 
be placed upon the basis of an under- 
standing of the practice of health 
habits, and not ona description of med- 
ical practices and symptoms. 

8.) It was stressed that it is very important 
to recognize that immunity to com- 
municable disease comes about through 
human contact, as opposed to the er- 
roneous point of view of living in an 
aseptic environment. 

9.) Biology teachers have the responsibility 
to develop attitudes of acceptance of 
personal and community responsibility 
for health in order that as citizens in a 
community each adult can make intel- 
ligent decisions on health matters and 
controversial issues. 


In planning content for a health course, all 
groups were concern ed with the problem of 
student apathy toward the subject matter of 
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health. This apathy was attributed to: (1) 
boredom due to constant repetition through- 
out elementary and high school; (2) lack of 
up-to-date health information in the back- 
ground of the teacher, and an absence of re- 
cent materials for use in the classroom; (3) 
health practices being taught as moral values 

“This is good for you, = especially in the 
field of food and nutrition. Careful attention 
to level content and stratification as necessary 
in planning course content was recommended 
by all groups. 

In the training background of any teacher 
today, there is need for an ter Bs of 
the growth and development of the person- 
ality of the child, along with an understand- 
ing of his physical growth. Che biology class- 
room affords one of the finest opportunities 
for each student to gain personal satisfactions 
from his classwork when the teacher under- 
stands that the child’s need for security is 
fundamental, and then accepts and respects 
the individuality of each student as a human 
being. In this situation the student's person- 
ality development progresses as attempts are 
made to help him meet his basic human needs. 
[hen biology as a course can fulfill its goal 
of aiding the individual to adjust to his chang- 
ing environment. With an understanding of 
the student’s needs for security, discipline 
problems in the classroom become oppor- 
tunities to help the child; classroom incidents 
reveal the child’s needs instead of becoming 
occasions for punishment. 

[here was disagreement on the problem of 
including mental health practices in biology 
course content. Of those who considered this 
ywroblem, two groups were agreed that it 
should be included, while one group dissented. 
All were agreed, however, that mental health 
procedures should be available to the teacher 
for conferences with emotionally disturbed 
students. 

It was emphasized that the biology teacher 
is best prepared by training to give instruc- 
tion in human reproduction as a natural proc- 
ess, particularly the study of the human re- 
productiv c organ systems and their functions. 
It is highly desirable that biology teachers 
examine their role in the teaching of human 
reproduction in relation to their school and 
to the community. To fulfill this role the bi- 
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ology teacher should represent one of the 
chief crystallizing influences in the educational 
system in imparting knowledge and the de- 
velopment of wholesome attitudes about hu- 
man reproduction. 


Careers: Discussion of careers in the field 
‘f health brought to the attention of biology 
teachers information on extensive opportu- 
nities which are open to professionally trained 
peopl with backgrounds in the biological 
sciences. (see National Health Council. Health 
Careers Guidebook. N. Y. The Council, 1955) 


Courses for health teaching background 
training for the biology teacher should be 


broad, and 9 credits were considered as a 


minimum (1 credit being 1 hour per week for 
15-1¢ eeks). This minimum background 


Discussion Group Part I with Behnke, 
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should be spread among the fields possibly as 
follows: 


Anatomy and Physiology 3 credits 
Human Growth and Development 
3 credits 
Personal and Community Health 
3 credits 
a) Communicable diseases 
b) Chronic and non-communicable 
diseases 
c) Organization, resources, facilities 
for health at local, state, national, 
and world levels 


Enid A. Larson 

Carmel High School 

Carmel, California 
Recorder 


Goodman, and Paulson as leaders. 
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The Biology Teacher 


Natural Resources 


SAMUEL 

Dean Emeritus, 
University 

(“land” in the economic 


sense) include everything provided by nature 
outside of man himself. water, minerals, 


Natural resources 


Soil, 
plants, animals, and space 
are all actual or potential 
natural resources, 
tive of their 
nomic value. 

Conservation 
resources may 
most concisely 
use.” “Use” 
handling of 


irrespec- 
present eco- 


natural 
defined 

“wise 
the 
re- 


of 
be 
as 
includes 
g natural 
sources for any purpose, 
whether economic, scienti- 
fic, aesthetic, or spiritual in character. Natural 
areas reserved for scientific study, national 
parks, and wilderness areas are used just as 
truly as is land from which agricultural, 
rest, forage and wildlife crops are harvested 
and from which minerals are extracted. 

“Wise” use is that which most effectively 
promotes human welfare, with due considera- 
tion of the needs of the present and the future, 
the individual and the community. It requires 
rg judgment in determining the objectives 
» be sought and skillful management in at- 


fo- 


those objectives. 
The interest of biologists in conservation 


as professional men lies largely, but not ex- 
clusively, in the application of biological 
techniques in resource management. Except 
for the training of specialists in the conserva- 
tion field, any teacher who has a fraction of 
the know ledge agree -d upon by the South- 
eastern Conference on Biology Teaching 
essential for the biologist | is adequately 
equipped to explain these techniques to stu- 
dents so far as basic principles are concerned. 


as 


The average teacher will, however, almost 


certainly. need further knowledge of the prac- 


School of 
of 


and Conservation of 


DANA, 
Natural 


Resources. 


Michigan 


tical application of these principles in the 
management of a particular piece of land. For 
example, if he is teaching in the Lake States, 
he should not only the 
characteristics of the genus Pinus and its place 
in the hierarchy. He should 
be able to recognize white pine, Norway pine, 
and jack pine in the field, and should know 
something of their longevity, rate of growth, 
and light requirements, and economic 

He should know not only that there 
are such things as plant and animal commu- 
nities and ae and animal succession. He 
should the of the 
northern-hardwoods forest-type, the character 
istics and interrelations of its plant and animal 
life, its place in the ecological succession of 
the and its to different 
methods of logging. In short, he should 
able to show the student basic 
underlies applied science 


know distinguishing 


taxonomic also 


soil 


value. 


also know composition 


region, response 
be 
how science 
(or technology 
which is the essence of natural-resource man- 
agement. 

In addition, he must acquaint the student 
with certain principles and practices that un- 
derlie all practices. First and 
foremost is the necessity for complying with 
natural \lan not na- 


ture; he cooperates with her or he gets into 


conservation 


law Ss. does “conquer 
trouble. This does not mean that he attempts 


to perpetuate conditions that would exist in 


the absence of any activities on his part 
Nearly all land management involves a more 
or less drastic modification of those con- 
ditions. Agriculture, forestry, range manage- 


ment, wildlife management all aim at obtain- 


ing 


than those which nature would produce if 


results that, for man’s purposes, are better 


left to herself. But unless his attempts to im- 
prove on nature obey nature’s laws, he éx- 


hausts the fertility of the soil, causes ac- 
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\ iin meadow, forest, and Mount Adams on the Gifford Pinchot National Forest, Washington, 
rate multiple use for the production of sheep, wood, and recreation. U. S. Forest Service. 
celerated erosion, increases the severity of words, he takes what he wants when he wants 
floods, replaces valuable virgin forests ‘with it, but in such a way as to use the productive 
valueless second-growth, or exterminates some — C apacity of the environment in obtaining big- 
form of wildlife such as the passenger pigeon. ger and better crops in a shorter time. 
n the case of renewable resources these laws One of the tasks of the conservationist is 
ire Obviously biological laws to determine what that capacity is and how to 
\ second basic principle is that of sustained attain it. Through research and experience 
vield. Briefly stated, this principle means we have learned that cultivation, fertilizing, 
simply that the resource must be so managed and pest control produce larger agricultural 
to be continuously productive at some Crops; that planting, cleaning, and thinning in- 
civen rate. In the absence of man, there crease the forest crop; and that providing a 
eventually develops a “balance of nature” or congenial habitat for fish and wildlife result 


dynamic equilibrium,” in which the in- 
terrelationships between the environment and 
munities that occupy it remain rela- 
constant. and fish die 
ind aré replaced by others. When man steps 


the con 


l rees, grass, deer, 


in. he harvests these products whenever it 
best his purposes, and at the same time 
cooperates with nature to make sure that 


they are replaced promptly in at least equal, 
larger, 


ind preferably quantity. In other 


in more trout and pheasants. Increased yields, 
harvested regularly and continuously, are a 
major objective of the land manager. ‘He aims 
not only to have his cake and eat it too, but 
to have and eat several cakes where nature 
unaided might have given him only one. 
Closely connected with the goal of larger 
yield is ‘that of better quality. The resource 
manager seeks more nutritious food, straighter 
and cleaner-boled timber trees of desirable 
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species, W hitefish and lake trout instead of sea 
lamprey, purer water, more attractive recrea- 
tion areas. In both the quantitative and qual- 
itative aspects of crop production, biological 
know-how, particularly in such fields as gen- 
etics, physiology, 
essential tool. 


and ecology, 


is clear ly an 


Much is heard these days of “multiple use” 
as a basic principle of resource management. 
Its objective is to produce a variety of goods 
general area. A 


may 


from the 
for example, 


and services same 
national! 
neously produce wood, for age, wildlife. min- 
erals, and recreation, and may help to check 
and floods. The concept is an appeal- 


ing one, but its application involves many dif- 


forest, simulta- 


eros 


ficulties, since some uses are partly or wholly 
incompatible with each other. A high degree 
of technical skill and sound judgment as to 
relative indispensable. Different 
methods must be used to produce the maxi- 
mum amount of 
cannot have both primeval nature and a res- 
at Echo Park in the Dinosaur National 
Monument. The more products we try to get 
from the area, the difficult the 
task becomes and the more know ledge of bi- 


ology 


values are 


wood, forage, or game; we 


ervoir 


Same more 


we need. 
All of this means that the teacher 
a conservation teacher 


versed in the 


biology 
who is to be must not 


only be well concepts and 
theories of the six 
Southeastern 
must a fairly 
with the application of 


theories in the production and utilization of 


areas of basic biology con- 
sidered at the Conference. He 


also have intimate acquaintance 


these concepts and 
renewable resources such as 
tural crops, 
wildlife crops. In order to do this, he must 
know to take advantage of — laws 


in producing a sustained yield « larger and 


organic agricul- 


forest crops, forage crops, and 


how 


better c crops, and in combining - production 
of a variety of goods and services on the same 
area. 


is to treat conservation in 
addition 


If. however, he 
any comprehensive wavy, he must in 
know something about the management of the 
non-crop resources of soil, pong is partly 


organic and partly inorganic and in a sense 
renewable: of water, w hich is inorganic but 
not destroyed by use; and of minerals, which 
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are both inorganic and non-renewable. Man- 
agement of these resources constitutes an in- 
tegral part of multiple use, and is usually in- 
extricably with the management 
instance, the way in 


interwoven 
of crop resources. For 
which forest 
a distinct effect on soil erosion 
supply. \lining 
pollution, and may 
recreational values. 


and range lands are handled has 
and the water 
and water 
forest and 


may cause erosion 


interfere with 


Another ement Is 


its dependence on the engineering 


= 


Sur\ e\ ing, the 


aspect of resource manag 

sciences 
as the natural sciences. 
trails, 
and power plants, the use of machinery for 
the cultivation and 


as W ell 
construction of roads, irrigation works, 
harvesting of crops, and 
pulp, and 
ores are all an important part of the picture. 
It is not to be expected that the biology 


the processing of foods, lumber, 


teacher will stress the engineering aspects of 


conservation. He should, however, be aware 


part 
of the utilization of resources as are biological 


of them since they are just as essential 


techniques. 


Finally, the economic, social, 
facts of life are an item of 
natural 


and future, 


and_ political 
concern in 
resources. Costs 
tangible and 


major 
the conservation of 


and returns -present 


intangible, private and public cannot be ig- 


nored. \lanagement pri actices that do not pro- 


duce a net income from the standpoint ot 


society as a whole cannot be regarded as Sat- 


isfactory, however perfect they may be from 
the purely technological point of view. Prob- 
lems of policy involving such questions as 
public ownership of natural resources, and 
public cooperation with or control of private 
owners, loom large in the picture. Here again, 
teachers to function 


no one expects biology 


as economists, sociologists, OI political scien- 
and should point 


and significance of the 


tists. Nevertheless they can 
out the nature 
that 
the biological field; and they should cooperate 
with teachers of geogt raphy 


these 


factors 


must be given consideration ontside of 


~ 


and other social 


sciences in seeing factors receive 


adequate attention. 


Conservation of natural 


sentially the use in land management of sound 


resources 


technological pri actices to achieve certain de- 


and social ends. It rests on a 


sired economic 
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os Superior National Forest, Minnesota, produces deer as well as timber. U. S. Forest Service. 
d 
d tripod, the legs of which are the biological in a factory—in short, anywhere that natural 
7 sciences, the engineering sciences, and the so- resources are produced or used. Even a city 
4, cial sciences. It is important that this broad street tree can be used to illustrate some of 
Ol ispect of the field be correlated with the bi- the basic principles of biology; and with a 
‘ ological concepts and theories which biology — little imagination and some audio-visual aids 
teachers will naturally stress. ~ these principles can be extended to the prac- 
biologist who is an actual or prospec- tices involved in the management of forest 
tive teacher of conservation has ample knowl- lands. Many lessons in conservation can also 
edge of basic biology for that purpose. In ad- be drawn from objects in the classroom. A 
In dition. he needs some training in the practical leaking w ater faucet can be used to point out 
ts pplication of biological principles in the ac- both the difficulties in obtaining enough 
tual management of natural resources, and Water of the desired quality when and where 
ian, engineering and social want it, and the need for skillful manage- 
O ispects of conservation. ‘Pre- -service or in- ‘Ment of forest and range resources on W ater- 
of service training to give him competence in Shed lands. \n ice cream cone can lead from 
these directions i highly desirable if not es- the vanillin with which it is flavored, and 
sential. It must not be overlooked that while Which probably came from the spent sulphite 
b biology is a science, land management is an liquor at a paper mill, to problems in forest 
as st and a business which involves considere- management, the Recies ci of waste, and the 
id tion of public policy as well as technique. control of stream pollution. 
ic Non-professional teachers of the subject ob- It is particularly important that the student ’ 
n iously do not need professional training, but should acquire not only a know ledge of con- 
‘ they do need a broad acquaintance with the — servation objectives and practices but also an 
n increasing importance of natural resources in appreciation of his own responsibility in con- 
t the national and world economy; with the nection with natural resources. Being careful 
nature of the problems involved in their wise with fire, not picking rare plants, not being 
ol ise; and with some of the major principles a litterbug, being thrifty in his use of ma- 
ind practices that can be used in the solution _ terials of all sorts are ex amples of habits that 
of those problems. should become automatic. Equally desirable 
lhe biological aspects of conservation can is recognition of his privilege and duty as a 
best be taught outside of the classroom—on Voter in a democracy to support sound pub- 
the farm, in the woods, at a logging operation, lic policies of conservation. 
id on lakes and streams, in parks and other rec- Recent scientific progress in the conserva- 
( reational areas, on a national or state forest, tion field has been slow and sure, rather than 


it a water-softening or sewage-disposal plant, spectacular. Both basic and applied research 


[hese seed trees left after a logging operation in 

loblolly pine in South Carolina will be removed 

after the new crop is well established. Kenneth P. 
Davis, University of Michigan 


are receiving steadily increasing support, with 
5 emphasis in biology on genetics, phy- 


Certain trends are slg- 


strong 
siology. and ecology. 


nificant. Among these are increasing popular 
acceptance of the goals of sustained yield and 
multiple use as general concepts but often 
without adequate recognition of the very real 
difficulties in attaining them. Closely 


nected with multiple use is the growing em- 


con- 


phasis on the water ‘shed as a natural unit of 


management, and on regional planning with 
the coordinated participation of federal, state, 
and private agencies. 

Higher prices and improv ed technology are 
leading to the substitution of new materials 
and grades for those that are becoming scarce 
and expensive. Aspen in Michigan has changed 
from a weed tree to one of major value ‘for 
the manufacture of paper pulp. The iron in- 
dustry in the Upper Peninsula will probably 
be maintained by the substitution of low-grade 
for high-grade ore as the latter plays out. Most 
striking among the possibilities in this di- 
rection are the replacement of the fossil fuels 
by atomic energy and solar energy. 

Steadily increasing pressure on natural re- 
sources throughout the world emphasizes the 
urgent need for conservation. This pressure 
comes from the population 
still more from the rising standards of living. 


“explosion” and 
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& 


\bundant supplies of pure water go hand in hand 

management, as illustrated by this 

National Forest, Washington. 
U. S. Forest Service. 


with forest 


scene on the Chelan 


good 


at which we use ma- 
than does 


and more, the rate 
and energy 
Twice as many people may 


many 


\lore 
terials 
the population. 
demand 
Services. 
and more significant as the underdeveloped 


increases faster 


several times as goods and 


This fact will become more obvious 
countries are industrialized. 

Because of man’s conquest of time and dis- 
tance, today we live physically if not ideo- 
world. The interdependence 


logic: ally in one 


to which we have long been accustomed 
among the States of the Union is fast dev elop- 
ing among the countries of the world. Wheat 
in the United States, iron in Labrador, cattle 
in Argentina, oil in Iran, tin in Malaya, rice 
in China, play a signific: int part not only in 
local but in world affairs. The basic problem 
involved in the conservation of natural re- 
finite re- 
sources so as to meet the an indefi- 
nitely large population at an indefinitely high 
standard of living. ‘That biology has an im- 
portant part to play in its solution no one can 


doubt. 


sources everywhere is how to use 


needs of 
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NaTuRAL Resources 


Dean Dana leads a field trip 


Recorder's Report of Discussion on 


Conservation 


[he body of concepts known today as 
Conservation probably cannot be classified ; 

1 science—but rather is related to biology in 
the same way as practical medicine, in ‘that 
both are applic: ations of biology. 

Emphasis should be placed on the fact that 
conservation in practice is wise use. It is ba- 
sically land management, founded on scien- 
tific principles, for man’s economic and so- 
cial purposes. Because of the basic importance 
of natural resources, public participation in 
This _par- 
ticipation may take the form of cooperation, 


control, or ow nership. 


conservation programs 1s essential. 


[he following should be among the results 
The stu- 


of effective conservation teaching. 
dent should be led to possess: 
An appreciation of why natural re- 
sources are so important that their con- 
servation 1s imper: ative. 
\n understanding of the possibilities of 
producing more and_ better 
modifying natural conditions in ac- 
cordance with natural laws, and of 
such basic principles as sustained yield, 


crops by 


multiple use, 
one material for another. 


and the substitution of 


on forestry and land use. 


3.) An attitude of carefulness, respect and 
thrift in his own contacts with natural 
resources and his use of their products. 


+.) Recognition of his responsibility as a 
citizen for the adoption of sound pub- 
lic policies, and the consequent ngces- 
sity of being sufficiently informed to 
vote intelligently on  conservational 
matters. 


A familiarity with nature that will en- 
able him to live a fuller, richer, and 
more satisfactory life. 


Conservation Attitudes 

In regard to the development of conserva- 
tion attitudes, there was general agreement 
that this could most effectively be done at the 
elementary school level. (A number of tech- 
niques were mentioned by our elementary 
school participants. ) Probably the scope and 
experiences, materials, and 
methods for implementation would best be 
on the developmental or “horizon” 
from the home, where the learner begins, out- 
ward to city, state, and world. Camping may 
provide opportunities for developing these de- 
sirable attitudes. With a good nature and con- 
servation centered program, planned to tie in 
with and enrich the school curriculum, we can 
create a desirable background and lay the 
strongest foundations of conservation educa- 


sequence of 


basis— 
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tion. Conservation teaching at these levels 
can be simple, without oversimplifying, and 


still be effective. The teacher need not be an 
expert or highly trained in all areas of con- 
servation to instill and teach youngsters many 
of the conservation ideas. (Someone in ‘a 
group suggested, “It is not a lack of courses 
that causes poor teachers—it is poor teaching 


in the courses they already took.) The 
teacher's attitude can be, and is, caught by 
the student even though the teacher is not 


highly trained and a specialist. Here, probably 
‘caught” than “taught” in achieving 
Teachers are often reluctant to 
r to camp, largely from 


more is ‘ 
our purposes. 
go out on field trips, o 
fear of not knowing all about w hat may de- 
velop. The teacher should try to be a par- 
ticipant with the group, learning with them 
in a discovering, explor atory atmosphere, and 
not afraid to lose status as the ever ready ex- 
pert. 


High School Teaching 
Relation between biology 
should be throughout the 
and integrating unit 
The 


and conservation 


course, with a summary 
near the end of the course. 
political, and social aspects should be made 
It is yagi that conservation will also 


and the 


clear. 
be included in courses in geography 
In addition to these approaches, 


conservation may or may 


social 
a separate course In 
not be desirable, depending on local circum- 
stances. It is recognized that geography and 
the social studies as well as biology have an 
important part to play in conservation edu- 
cation and that cooperation between teachers 


in these fields highly important. 


As much field work as possible is desired in 
When longer 


relating biology to conservation. 
learned 


trips are impossible, much 
from city street trees, playgrounds, parks, in- 
dustrial plants, etc. Objects in the classroom 
and related back to the re- 
they came—locations, 
abundance or problems involved 

their conservation, etc. Week-end or Satur- 
day and Sunday field trips are possible. One 
can train a few good people: a club, or some 
they will then 
and help the 


can be 


school can be 


sources from which 


scarcity, 


of the most interested students; 


assist in leadership capacity, 


Parents will help: good public re- 


teacher. 
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‘TEACHER 


lations will follow. Utilize the leadership of 

local garden clubs, advanced Scouts, nature 

and conservation groups. Each have conser- 

vation activities and committees, and may 

conduct regular field trips. 

Teacher 
A separate course in Conservation of Nat- 


Conservation Work- 
pre spectiy € 


Training Programs 
ural Resources and/or 
shop should be available, 
teachers in the biological 
urged to elect it. (Many 
course should be required.) A good teacher, 
with the as to in- 
form, 


with 
and 
thought 


studies 
such a 


social 


ability as well 


is essential. 


to inspire 


Two discussion particular, 
brought out the point that it takes more than 


groups, in 


four years to “train” a g rood biology and con- 
servation teacher. (Some pointed out that the 
process was still continuing after twenty 


vears.) In his efforts to better know the local 
flora and fauna, the ecological descriptions of 


the area, and otherwise keep abreast, field 
work with local nature groups 1 is also most 
valuable to the teacher. Attendance at Audu- 


bon and other summer camps for the train- 
ing of conservation leaders, workshops of the 
same sort, etc., are possibilities. 

Many felt that the workshop method of 
learning is far traditionally 
over-pre-structured class in that it is a more 
For the student 


lot of 


superior to the 


integrative experience. need 
not concern himself with a reorganiza- 


vets methodology as well as 


4 ~ 


and factual information at the 


tion, since he 
subject matter, 
same time. 
Building of attitudes ts important at the 
college level also, but when attitudes are to 
find expression in action, they must be backed 
up by facts. Both teachers and students should 
recognize that the objectives and basic prin- 
ciples of conservation are relatively simple, 
but that the Pages nol of management may 
fareer Opportunities should 


pr epar ation 


be very complex. ( 
be explored, and the necessary 


for these indicated. 


Techniques and Methods for Implementation 


Specific examples of techniques and 
methods suggested to implement the subject 
matter in conservation education as presented 


by Dean Dana are: 
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Conservation field days and fairs 

Conservation, science, or biology clubs 

Experiments and demonstrations—in and 
out-of-doors 

Special units; group work experiences 

Use of research in projects, and classroom 
exhibits 

Wise use of audio-visual materials (encour- 
ge students to evaluate these) 


Live plants and animals 


Landscaping program for school grounds 


vardens: school or community 


y 
~ 


rorests 
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Field trips; nature trails; nature centers 

School camping— pre, at, and post-camp ac- 

tivities and projects. 

It may be difficult at present to evaluate 
all of the intangible returns from the invest- 
ment we need to make in a good conservation 
education program. However, the spiritual 
and aesthetic enjoyments one may experience 
are among the most effective, valuable, and 
lasting dividends accruing from wise resource- 
use. 

Rex Conyers, Senior High School 
University City, Missouri 
Recorder 


Summary of the Scientists’ Contributions 


CHESTER A. 


LAWSON 


Head, Department of Natural Science, 
Michigan State University 


[he initial sessions of the North Central 
Conference on Biology ‘Teaching were con- 
cerned with the relation of fundamental bi- 
ology to applied biology in the training of 
high school teachers. Spe- 
cialists from the applied 
areas of (1) Plants and 
\lan, (2) Man’s Food Sup- 
ply, (3) Health and Dis- 
ease, (+) Conservation, and 
(5) Human Genetics 
served as consultants and 
presented their views con- 
cerning the kind of train- 
ing needed to produce 
qualified biology teachers. 
[he participants of the conference were di- 
vided into five groups, with each consultant 
presenting a paper on his subject to each 
group [his was followed by group discus- 
sion directed at two objectives. The first was 
in claboration, evaluation, supplemen- 
tation of the consultant’s contribution. The 
second was a determination of practical wavs 
of effectively implementing in the classroom 
the recommendations of the consultant. 

\ distillation of the specialist's papers pro- 
duced a list of essential elements recommended 
in the training of biology teachers. Some of 
these elements may be classified as objectives 


and others as means of attaining objectives. 


Ihe conclusion must not be made that the 
following list of objectives was exhaustive, 
nor that it was subscribed to by all consul- 
tants: 


1.) “A clear concept of man’s position in 
the community of living things and 
his relation to environment.” The in- 
tended consequence of this concept 
Was a proper humility concerning 
man’s position in nature. 


2.) “To give students certain fundamental 
facts and induce in them certain hab- 
its and attitudes of thought and cer- 
tain interests which will form 
the basic stock-in-trade of would-be 
teachers.” 


“An understanding of the relationship 
between the pure sciences, and the 
applied sciences; that the applications 
of science are, in the final analysis, the 
extensions of pure science discoveries 
to immediate human problems; dis- 
coveries made by men who have 
sought to explain the phenomena and 
the objects which surround them, and 
who have not been directly attempt- 
ing to invent light bulbs, antibiotics, 
weed- killers, and atomic bombs.” 


4.) To produce broadly educated persons 
rather than narrow specialists. 


I 
t 
K 
S 


THI 


who has imagination, in- 
ventiveness, the ability to 
biological information into 
terns, and to pursue up-to-the-minute 
as it becomes available 

current 


5.) A teacher 
reorganize 
new pat- 
knowledge 


new books and in scientific 


journals. 
In addition to the broad objectives listed 
above, each consultant stated implied that 
prospective teachers should be familiar with 
the particular applied field that the specialist 
represented. 
['o produce a well-trained teacher, experi- 
following 


areas of biological 


It was not in- 


ence in the 
knowledge was recommended. 
tended that each area mentioned should con- 
stitute a that some of the 
could not be incorporated as parts of others. 
The list included: integrated 
course, botany, 
tematics, comparative morphology, plant phy . 
evolution, genetics, ecology, bacteri- 
entomology, physiology, ‘human an- 
human reproduction, “human 
embryology, and 


course, nor areas 
biology as an 
zoology, classification, sys- 
siology, 
ology, 
atomy, growth 
and development, 
and development of plants. 

Courses in related areas were recommended. 
They were: geography, conservation, phy- 
-sical sciences, biochemistry, horticulture, an- 
thropology, hygiene, and _ statis- 
tics. 

The conference was cautioned that narrow 
specialists should not be produced. To prevent 


growth 


Psy chology, 


this, courses in the humanities and social 
studies should not be neglected. But this 1s 


not all. “The teacher must, if he is to be a 
wise and percipient teacher, build upon the 
foundation of facts and attitudes which he 
has acquired as an undergraduate student. This 
post-college growth may develop it 1 several 
ways: through membership in blological or- 
ganizations and attendance at their meetings, 
through a definite program of reading new 
biological books and_ biological periodicals, 
through travel, through a continuing interest 
in fields such as antl hropology, sociology, and 
geography, and through occasional college 1 re- 
fresher courses in the biological sciences.” 
Fach consultant made further recommen- 
dations concerning know ledge necessary for 
teaching aspects of his specialty to high school 


students. 
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Ihe consultant for “Plants and Man” rec- 
ommended that high teachers be fa- 
miliar with (1) the significance of the domes- 
tication of plants and animals for the early 
development of human culture, and (2) the 
energy relations among the sun, green plants, 
man and and bacteria and 
fungi. 

An understanding of the relation ot biology 
to man’s food supply is essential for any bi- 
“The adequate 
supplies of food for the earth’s rapidly in- 


school 


other animals, 


ology teacher. provision of 
creasing human population is one of the major 
Failure to this 
adequate food-in- 
creases will doubtless lead to further demand 
for Lebensraum and will inevitably produce 


problems of biology. solve 


problem and to provide 


rrave international crises of a social. political, 


and military nature.” 


Biologic: i] investigations aimed at increasing 
the world’s food sup ply were reported to be 


in the following areas: 


1.) The development of crop varieties of 
superior yield-capacity through plant 
breeding and selection 

2.) The dev elopment of animal varieties of 
superior vield-capacity through breed- 
ing, selection, and improved animal 
feeding 

3.) Weed control 

4+.) Insect control 

5.) Plant 

6.) Increased knowledge of plant nutrition 
and soil structure and behavior 

.) Introduction of new crops 


8.) Conversion of arid lands into 


disease control 


agricul- 
tural areas 
9.) Improved soil conservation methods 


10.) Increased utilization of food products 
from lower plants 

11.) Developments in the study of photo- 
synthesis 

12.) Changing social and religious attitudes 


to permit available foods to be eaten 
that are prohibited by social and re- 
ligious taboos. 

) and the discour- 


human 


health 
agement of laudable 
jectives that can be realized largely through 
the application of biology. Che consultant on 
“Health and Disease” recommended that in- 
struction in this area should include: 


The promotion of 


disease are ob- 


+ 


CTS 


future @enerations may 
ravished earth. 
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CONSERVATION OF 


Growth and development of the in- 
dividual in the areas of physical, men- 
tal, and emotional health 
\natomy and physiology 
General understanding of communi- 

ible diseases 

4 \ knowledge of chronic diseases 
An understanding of the organization 
of health resources in the community, 

and the world. 


high standard of living and 


the state, the nation, 


Because of the 


rhe bits of waste pre acticed by our culture 


inherit a destitute and 
lo forstall this possibility, in- 


struction in conservation and the development 


if ne ittitudes toward the use of natural re- 
irc essential. 
The consultant on 


Conservation recom- 


iended that such instruction should include 

mn understanding of: 
I he necessity for man to comply with 
atural laws 
[he principle of sustained vield 
[he production of better quality in 
natural products 

} [he principle of multiple use 


water, soil, and 


he management of 
ineral resources 


[he relation of engineering to con- 
ervation 
[he economic, social, and political as- 


pects ¢ Conservation. 
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Knowledge of genetics may be of im- 
mediate personal concern to man, or it may 
be of general social concern. The prospective 
parent faced with the probability of produc- 
ing abnormal, handicapped children needs 
the advice of the human geneticist, and the 
socially minded citizen needs to know the pos- 
sible consequences of indifference to the gen- 
etic potentialities and inadequacies of human 
populations and of disregard for the possible 
genetic effects of atomic radiation. 

To prepare a citizenry capable of under- 
standing the relation of genetics to human 
welfare the consultant recommended that high 
school teachers have knowledge of a minimal 
core which would include the mastery of such 
topics as Mendel’s laws, polygenic inheritance, 
multiple alleles, autosomal and_ sex-linkage, 
mutations, the nature of gene action and genic 
interactions, and the relating of the foregoing 
to the structure and behavior of chromosomes. 

In addition, the teacher should be ac- 
quainted with the unique problems in human 
heredity resulting from human habits of re- 
production and the impossibility of perform- 
ing breeding experiments. In order to under- 
stand how the geneticist circumvents these dif- 
ficulties the teacher should have a knowledge 
statistics, population genetics and the 
theory and practice of determining the herit- 
of human traits. 


ability 


\lfred Stockard pilots the University boat on one of the numerous trips around Douglas Lake. 
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school Biolo vy 


High 
A. How shall we 

individual student—his 

terests and potentialities? 
BACKGROUND: 
educational opp yrtunities 
with their abilities and objectives. Spe- 
cial courses and programs for particular 
be useful in teaching them 


meet the needs of the 


capabilities, in- 


Students should have 
commensurate 


groups may 
more effectively. Local conditions, such 
as school size and staff, community re- 
lationships and the like, influence what 
can be done to insure that biology will 
give something of value to the study by 


students of all levels of ability. 


We need parti icularly to find a way to 
develop more fully the capabilities of 
gifted students, especially their powers of 
analysis and synthesis. The misconception 


Warcham, 


Robert Smith, 


Stanley 


John Breukelman, Howard Phillips, and 


Nilulaik and Dorothy Matala 

that equality of opportunity in our demo 
cratic system of education demands iden 
achievement has too 
gifted stu- 


average, TO 


tical or uniform 
often resulted in pulling the 
dent down to the 
the detriment of both the student and the 
dev elopment of leadership for the nation. 
Currently, indicates 
that the 
not a single nor a specific and identifiable 
but with 


level of the 


available evidence 


ability to become a scientist is 


human trait is correlated 


ability in 


high 
level general, perseverance, 
creative imagination and interest. Interest 
often develops early in the grades and 
high school experiences are particularly 
important in focusing interest on science. 
Sound and teaching 
from the elementary grades through sen- 


ior high school is thus essential to recruit- 


stimulating science 


ment and education of future scientists. 


= 
= ik 
4 
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RECOMMENDATIONS: 
There should be a year of biology in 
the ninth grade or preferably in the 
tenth grade, and use should be made 
of relevant extra-curricular commu- 
nity and organizational activities at all 
levels. 
Chis general biology course should be 
designed for all students. 
leachers should recognize individual 
differences among the pupils, in abil- 
ity, preparation, and background. 
[hey should make a reasonable effort 
ilso to identify similarities. 
+. Teachers should provide a variety of 
materials and assignments to give full 
scope to individual differences. 
Capable students interested in science 
should have opportunities to become 
icquainted with working scientists by 
obtaining their assistance on special 
projects, tours of scientific institu- 
tions, short intensive courses in spe- 
cial topics given for them in colleges, 
universities, research institutes and 
field stations, and summer apprentice- 
ship programs. 
Students interested in biology should 
be encouraged to take mathematics, 
chemistry and physics in high school, 
long with biology and work in other 
major areas. The school should make 
such a program available. Moreover, 
the students interested in biology 
should have an opportunity to develop 
through individualized work or ad- 
vanced courses, with credit, in the 
junior and senior years. 
\ possible approach to the general 
biology course would include student 
cooperation with teacher guidance of 
individual and group projects, the use 
of individual, school and community 
resources in establishing the objectives 
of the course, and an_ evaluation 
scheme for the total performance of 
the individual. 
How can we teach scientific methods 
ind dev elop scientific attitudes? 
BACKGROUND: One of the primary 
objectives of the high school course in 
biology is to develop scientific attitudes 
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in students. This can be done best when 
the student understands how the methods 
of the sciences differ from those of the 
non-sciences. Therefore, the teacher 
should be informed on the problem of 
the nature and meaning of science 
and the methods of science. Scientific 
methods are difficult to define, but the 
following suggestions may prove helpful. 
|. Natural science is a body of organized 
knowledge which consists of assump- 
tions, reproducible observations, test- 
able hypotheses, and principles per- 
taining to relatable phenomena in na- 
ture. 

2. It is incorrect to speak of the scientific 
method. There are many methods in 
science. 

3. A distinction should be made between 
the creation of science through re- 
search and the application or use of 
science as in medicine, conservation, 
and engineering. 

4+. The methods of science and the tech- 
niques of science are not synonymous. 

5. Although the methods of science have 
broad application, they cannot be ap- 
plied universally. 

RECOMMENDATIONS: The Con- 
ference recommended that biology in- 
struction be so directed that it will de- 
velop in_ high school students scien- 
tific methods, approaches, and attitudes 
through any, all, or any combination 
of the following devices: 


|. By showing students that the methods 
used in in the biological and physical 
sciences need not necessarily be con- 
fined to these areas. 

2. By the example of the teacher who, 

himself, uses the methods, approaches, 

and attitudes of scientists. 

By reference to the classics of science 

and the manner in which scientists at- 

tacked their problems. 

4. By providing opportunities in class 

or clubs for experiences in using scien- 

tific methods in securing answers to 

questions raised, in minds of students, 

by skillful teaching. 

By relating, throughout the course, 
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the subject matter of biology to the 
methods of science. 

6. By recognizing that a test of effective 

teaching in this area is the ability of 

the student to apply scientific atti- 
tudes to his daily problems. 

By field study of zonation and suc- 

cession in various ecological habitats. 

8. The opportunity should be provided 
to study world-wide science and to 
see that science is product for all 
races and nations. 

9. By carrying on long-time projects in- 
volving a problem studied by succes- 
sive classes over a period of years. 

What are the 1 interrelationships between 
biology and the other areas and levels 
of the total school curriculum? 
BACKGROUND: Continued expan- 
sion of science mstruction in the elemen- 
tary school can have profound impact in 
the development of a citizenry equipped 
to live in a world increasingly influenced 
by the growth of scientific know ledge. 

[his opportunity can be fully realized, 

however, only by considering science in- 

struction from the first grade to the 
twelfth 

succeeding step should build upon what 

went before. This means that many topics 

traditionally included in, for example, 
ninth-grade general science, may be 
taught and taught w ell in preceding 


as a continuing experience; each 


— thus leaving place in the ninth 

grade for inclusion of material from the 
Saal tenth-grade biology course. All this 
can be done only by continuing consul- 
tation and planning by all those con- 
cerned with the science curriculum—ele- 
mentary and secondary teachers, adminis- 
trative staffs, consultants. reputable scien- 
tists. Biological material can be taught at 
any level. 

RECOMMENDATIONS: 

1. Elementary and secondary science 
programs ‘should be planned jointly 
by elementary and secondary teachers, 
aided by staffs and 
scientists. 

2. The high school teacher should serve 


administrative 


as a resource person for the elemen- 
tarv school. For example, the second- 
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ary teacher may invite elementary 
pupils and their teachers to participate 
in special events such as project nights 
and science fairs; can provide or lend 
supplies and equipment; 
demonstrations and experiments; aid 


help design 

in maintaining living materials; iden- 

tify plants and animals. 

Ihe tenth grade is a desirable level 

for a full biology course, to be com- 

plemented by continuing opportu- 
nities for study in the field in the later 
high school years. 

In order that biology may be inte- 

grated into the total secondary school 

program and into the lives of high 
school students the Conference rec- 
ommended 

a. That biology teachers have a gen- 
eral know ledge of other areas and 
that other teachers have a general 
know ledge of biology. 

b. That situations be created which 
will encourage individual, small 

group, and class projects to cul- 
minate in assembly programs and 
other school activities. These proj- 
ects may be extended into intra 
school and inter-school fairs, Jun- 
ior Academy of Science exhibits, 
and similar activities. 

c. That inter-departmental planning 
be encouraged. 

d. That students be given an oppor- 
tunity to apply in other classes 
what they have learned in biology. 
Illustrative of the ways in which 
biology may be integrated with 
other secondary 
are the following: 
(1) Use biological information in 


school subjects 


English themes. 

(2) Use biological data in formu- 
lating curves and graphs in 
mathematics courses. 

(3) Evaluate health problems, na- 
tural resources, and agricul- 
tural productivity in social 
science courses. 

(4) Study the derivation of bi- 
ological terms in language 


courses. 
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Discussion Group formulating recommendations in Part II of the Conference. 


(5) Speak on biological topics in 
speech classes. 

6) Use plant and animal forms 
and patterns of structure in 
art work. 

(7) Use the facts of human re- 
production, in_ relation to 
family life and social living. 

(8) Use know ledge of human 
physiology in physical edu- 
cation. 

9) Apply in home economics 
classes knowledge of biology 
concerning the selection, 
care, and use of foods. 

D. How can current scientific develop- 
nents and social trends influence the 
ontent of biology courses? 


RECOMMENDATIONS: 


[he high school teacher may keep up 
with research developments in his 
tield by some of the following means: 
Local meetings, near enough to the 
teacher's community to reduce 
travel and expense to a minimum, 
are one of the best means. Such 
meetings should include scientists, 
people experimenting in the teach- 
ing of biology, specialists in edu- 
cation, administrators and teachers. 
The NABT may well take the 


lead in organizing regional, state 
and local meetings of this char- 
acter. 

Science days at colleges and uni- 
versities provide an opportunity to 
see research in progress and learn 
about new developments. 


Short conferences and institutes of 
several weeks are excellent means 
both for studying biology under 
the tutelage of leading biologists 
and for the development of new 
approaches to teaching. 

Regional and national meetings of 
professional groups provide excel- 
lent opportunities; local industrial 
and scientific groups may provide 
travel grants to enable teachers to 
attend such meetings. 


Summer opportunities to work in 


research institutes, industry, col- 
leges and universities, agricultural 
field stations and other centers of 
biological investigation are excel- 
lent means for enabling the 
teacher to learn more about an 
area, gain access to good libraries, 
participate in research, and con- 
tribute manpower to science 
through nonteaching activities. 

Teachers should arrange sessions 
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with their students for joint dis- 
cussion and review of reading 
technical, semi-popular and popu- 
lar journals. 

There are numerous periodical publi- 
cations that may be useful to teachers 
and students. It is impossible to provide 
a complete list here, but the following 
are among those that may be of value in 
high school biology and may be available 
in the aver: age high school library. Ameri- 
can Biology Teacher, Audubon VWaga- 
zine, Canadian Nature, Cornell Rural 
School leaflet, Junior Natural History, 
National Geographic, Natural History, 
Nature Magazine, School Science and 
Vathematics, Science Education, Scien- 
tific American, Scientific Monthly, The 
Science Teacher. 

Other publications (many of them 
free) are available from governmental 
agencies, special interest groups, and pri- 
vate corporations. 

g. Appropriate organizations should 

be encouraged to develop a pub 

lication for high school teachers, 
incorporating references, short ar 
ticles on latest developments, re- 
view articles, and regional sharing 
of ideas. 
Increasing urbanization has profound 
implications for high school biology 
teaching. 
Urbanization creates a problem and an 
opportunity for the biology teacher. 
One answer is to bring nature to the 
city youth. This can be done by ex- 
ploring the flora and fauna of the city 
through living — exhibits, including 
domestic species, in museums, 
and botanical gardens, and through 
field trips making effective use of 
parks, vacant lots, lawns and gardens, 
streams and lakes. Of course, trips to 
the country are also recommended. 
Recent social and scientific events 
have made it necessary to change trad- 


itional content. 
These events influence the degree 


of emphasis to be given to certain 
topics : and principles, ‘and the ex: amples 
selected for illustrating principles. 
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Both in the interest of accurately re- 
fHlecting the accumulated body of 
know ledge and of showing students 


its significance in their own lives, 
teachers must carefully evaluate topics 
to be included. For example, popula- 
tion genetics and biophysics, disci- 
plines with important implications, 
were virtually unknown to the de- 
signers of high school courses forty 
years ago. 


4. High schools have been sharply criti- 


cized for anti-intellectualism and 


watered-down content. Some promis- 

ing ways of upgr: ading instruction are 

as follows: 

a. As elementary science develops, 
plan high high school courses to 
build upon student know ledge. 

b. Dev clop mathematics programs 
which stress understanding of ma- 
thematical concepts and wavs ot 
looking into phenomena and _re- 
lationships, rather than skill in 
mere manipulative operations. Gy 
en such mathematical background, 
students can be given much more 
rigorous science courses and there 
by be prepared for work in and 
understanding of contemporary 
scientific endeavor. 


What methods of instruction 


Ve prom 


ise of improved learning> 


BACKGROUND: 


I'xperience has demonstrated the neces- 
sity for the use of many methods and 
techniques in the teaching of biology. It 
should be emphasized that the success of 
any method is directly dependent upon 
the teacher and the total environment of 
the learner. The teacher should be fa 
miliar with many methods in order to s¢ 
lect wisely the proper method to fit best 
the situation. For instance, in a discussion 
of texts and their use, it is assumed that the 
teacher should use any text as a teaching 
tool, a source of information, and not 
as the set course of study. With the ac- 
tive cooperation of the administration the 
teacher with insight will find ample op- 
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portunity to exercise initiative and plan 
wisely. 


RECOMMENDATIONS: 


\ 


wider variety of community and 


natural resources should be used. 


The school should work with va- 
rious other agencies for the de- 
velopment of outdoor classrooms, 
school forests, school camping 
sites, etc. 
sites, etc. Students should aid in 
planning and planting of all such 
areas. Local planning boards should 
always be consulted. This may be 
accomplished by cooperating with 
park boards in planning and main- 
taining the school campus. 

Better field trip implementation 

through: 

1.) \ultiple subject use of field 
trips. 

2.) Careful planning with a pre- 
trip look at what is to be done 
and why, detailed instruction 
sheets for the trip, and a re- 
view of post-trip results. 

3.) Use of out-of-school hours 
for field trips where possible. 

Compilation of ac atalog of avail- 

able local scientific resource per- 

sonnel and local resource places. 

In use such a c: atalog is kept cur- 

rent and annotated so that it be- 

comes a cumulative record, incor- 
porating the experience of many 
teachers. The group encourages 
the use of technical and college 
resource people for assistance in 
the high school biology program. 

Student appointments re- 

source persons should be arranged 

with the approval and advice of 
the science teacher. 

In competitive situations the 
strictest ethics must be observed. 
We deplore the condition where 
the teacher does the work and the 
student gets the credit, or the op- 
posite situation. 


The judicious use of audio-visual aids 
enhances teaching. Biology teachers 
should have facilities for: 


a. A motion picture projector, sO 
that suitable films can be used. 


b. Microprojection, to help in teach- 
ing when microscopic organisms, 
tissues, etc., are under considera- 
tion. 

c. Opaque projection, in order to 
make wider use of drawings, 
photographs, etc., not in the text- 
book. Images of specimens may 
also be projected. 

Teachers also may successfully 
use such devices as “Vue-Master”’ 
reels, 3-dimension photographs, 
tape recordings, records of bird 
songs, quiz boards, television, and 
radio in addition to the usual 
models, charts, blackboard and 
chalk, and microscopes. 


Suggestions: 
a. To the teacher 

A multi-text system or class- 
room library is usually preferable 
to a single text. This discourages 
the use of the text as the pre- 
scribed course of study; en- 
courages comparison of statements 
by different authors; may aid in 
developing critical thinking; may 
encourage a greater variation in 
the types of teaching activities. 

The teacher’s manuals prepared 
to accompany the text should be 
known and used by the teacher to 
become familiar with the philoso- 
phy and frame of reference. Ad- 
ditional supplementary teacher 
aids are available from publishers, 
supply houses, etc. and should find 
wider use. 

b. To NABT: 

NABT might serve as a clear- 
ing-house for suggestions by 
teachers about textbooks—what 
should be included, how intensive 
or extensive, types of pictures, vo- 
cabulary, etc. Authors and editors 
might find this service useful. 

A committee of NABT might 
prepare reviews of texts in which 
the circumstances under which the 
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book would be useful are in- 
dicated. 
4. Individual and group 
directed toward increasing intellectual 
growth and manipulative skills of the 
participants is recommended. 
We recommend that school 
include provision for purchase of de- 
sirable materials and apparatus neces- 
sary for teaching procedure. 
However, an imaginative teacher may 
only partially compensate for low 
budgets by: enlisting student and 
school shop aid in constructing ap- 


paratus, ani nal 


project work 


budgets 


good 


cages, etc.; using in- 


expensive houseware items; and by 
collecting live material locally. Often 


student participation in these activities 
constitutes a valuable learning experi- 
ence and vocation or av- 
ocation. 
What should administration contribute 
to teaching of biology 
class size, freedom 
from interruption, helping the beginning 
financial 


leads to a 


as to: reasonable 


academic freedom, 
teacher, in-service 
education? 

BACKGROUND: 

\mong the many responsibilities con- 
fronting ‘the administration of educational 
programs in bi logy that require urgent 
attention are definition of the reason- 
able size of and laboratory 
tions, adequate facilities for classroom and 
for field 


Support, 


classes Sec- 


laboratories, provision studies 


and outdoor laboratories, adequate fi- 
nancial support for all facets of the pro- 
oram, and an increased freeing of the 


teacher's time. Since this list of ‘problems 
represents a small portion of the total 
number, 
nature, administrators obviously, 
best advice available relative to the prob- 
lems. Emphasis should be placed, how- 
ever, on the proper ‘ and a 
mutual understanding of the problems 


and because of their complex 
need the 


recognition 


when advice is made available. 


RECOMMENDATIONS: 
1. Teachers and scientists should take the 
initiative 
informing 
the needs of the teachers 


properly and adequately 
administrators in regard to 
and scien- 
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Cy. 


January 1956 


TEACHER 


tists. Since it Is necessary for adminis- 
trators to understand clearly the rea- 
sons underlying requests for financial 
and other aids to support requests for 
adequate space, materials, etc., all at- 
tempts at solutions should involve the 
best cooperative thinking of all groups 
in order provide a program that 
will lead to more effective educational 
experiences for the pupils. 


>. Efforts should be instituted at the na- 


tional, state, and local levels to ac- 
quaint administrators with the ob- 
jectives, values, and problems in 
science teaching. Some specific sug- 


gestions are: 


a. Teacher loads should be deter- 
mined primarily on the basis of 
contact hours with students. 

particu- 


related to 


b. Numerous 
larly 
the educational program, should be 
reduced and unnecessary time con- 
suming 
inated. 

c. Twenty-four students per class is 

although 


assignments, 


those not cl sely 


procedures should be elim- 


considered desirable. 
available equipment, 


and local conditions determine to 


room sizes, 


a great extent reasonable class 
SIZ€S. 

d. Specific attention should be given 
to the consideration of these prob- 


lems at future conferences, in- 


stitutes, etc. 
3. Students who show an inclination to 
carry out investigations should be en- 
couraged to do so and school facilities 
should be made available for such in- 
vestigations. 


find out 
teachers are doing? 


How can teachers of biology 
other 


can organizations and publications 


what science 
How 


serve the teachers? 


RECOMMENDATIONS: 


1. The high school biology 


biology 


teacher can 

find out what other teachers are doing 

by: 

a. Active participation in local, state, 
and national organizations of scien- 


tists and or teachers. 
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continue between sessions—Osborne, Mouser, Brother Charles, Webster, Keene, McNelly, and 
Armacost. 


b. Visiting other schools with a sub- b. Arise from sources outside the 
stitute hired during his absence. school. 

c. Reading of publications dealing c. Encourage all teachers to do a bet- 
with science teaching- not biology ter piece of work, or render a 
alone. greater service. 

Incouraging his students to par- d. Encourage more students to be- 
ticipate in such activities as science come teachers. 
fairs and talent search programs. e. Impress upon the public the im- 
[he NABT is urged to take re- portance of the teaching profes- 
sponsibility for developing a na- sion. 
tional pattern of local (regional) f. Provide recognition by scientists of 
meetings for biology teachers. the importance of teachers. 

Organizations _and public ations can 2. Criteria for selection should be care- 
See the biology teacher by: fully chosen. 
<eporting successful activities of 3. The method of selection should in- 


other science teachers. . 
rl? . clude a variety of judgments (col- 
Reviewing new books in the field 


field © lea agues, administration, students, com- 


munity, former students). 
H. What ty pes of teacher recognition pro- ? 
P I. How can the classrooms be made more 
efficient with the available space, time, 
and resources? 


rams have merit? 


RECOMMENDATIONS: 


\ good teacher recognition program 

should incorporate the following fea- BACKGROUND: 
tures: Insofar as possible and practicable all 
1. It should not antagonize the teach- high school science classrooms should be 


ing personnel in the school. used exclusively for science classes. If, 
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in emergencies, the room must be used 
for other 
scheduled which will neither disturb ex- 
periments in progress nor require the put- 
ting away of equipment which will have 
to be used again a short time later. 

When remodeling old school buildings 
or constructing new ones consideration 


purposes, classes should be 


should be given to the special space needs 
related to the teaching of 
school biology. Careful planning is _re- 
quired. School Facilities for Science In- 
distributed by the National 


secondary 


structiozi, 


Science Teachers Association, 1201 Six- 
teenth St. N.W., Washineton 6, D. C., 
and the American School and University 


Year Book, 1954-55, published by School 
Executive, New York City, are recom- 
mended. The report of the Southeastern 
Conference is also pertinent on this point. 
RECOMMENDATIONS: 
|. That biology teachers, science super- 
and if necessary, out- 
of-town and/or out-of-state specialists 


visors, citizens, 

assist the architects in planning the 

biology (science ) rooms. 

That the following principle be in 

corporated into the plans for the bi 

ology (science) rooms. 

a. Plan multi-purpose rooms instead 
of separate lecture and laboratory 
rooms, equipped to accommodate 
no more than 25 students. 

b. Remember that multi - purpose 
science rooms must be larger than 
ordinary classrooms. 

c. Provide for flexibility in room use. 

d. Install fixed furniture around the 
walls of the rooms with movable 
furniture in the center. 

e. Provide for the 
darkened when audio-visual aids 
are being used. 

f. Provide accessory 

may be used for stor: age, 

and the like. 

Plan for the biology rooms to be 


on the first floor of the the build- 


rooms to be 


rooms which 
projects, 


~ 
4 


ing. 


h. Provide space for experimental 


work and for the growth and care 
of plants and animals. 
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3. Time should be provided for the bi- 
gy teacher to have preparation 
period in order to collect and care 
for living materials in their classrooms, 


ology 


set up demonstrations and plan the 

work for laboratory assistants if they 

are available. 
College Programs 


A. In what ways can the teaching of col- 


lege biology ‘be improv ed? 
BACKGROUND: 


\ great amount of attention 1s being 


centered by numerous committees, con- 
ferences, institutes, societies, and other 
groups on the need for the improvement 
of the teaching of biology. The magni- 
attention focused on_ this 


problem, particularly at the college level, 


tude of the 


is indicative of the urgent necessity for 
There is a tremendous 
efforts, 
cially in regard to repetition and duplica- 


Improv ement. 
waste these however, espe- 
tion, which comes about as a result of a 
lack of coordination and integration of 
the activities, decisions, and recommenda- 
tions of the many groups. The need for 
making the worth-while contribution 
from the various groups available to bi- 
ology teachers, researchers, and adminis- 
trators poses a significant problem for fu- 
ture consideration. 


RECOMMENDATIONS 


|. Excellence in teaching, 
readily, 


although dif- 
ficult to measure should be 
used at the college level as one of the 
bases for professional advancement. 
2. ‘The teaching of introductory biology 
students should be considered a great 
privilege and an opportunity for the 
good teacher. The assignment or ap- 
pointment should have the prestige 
appropriate and equivalent to that of 
any position in the college. 
for properly training 
graduate students and for using them 


as assistants in college courses is rec- 


3. Lhe necessity 


ognized. In introductory courses gr ad- 


uate assistants who select te: aching as 
a career should work. however, as 
apprentices directly under the super- 
vision of the professor, and insofar as 


\loreover. orad- 


possible with him. 
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uate students who are prospective 
teachers, should be required to serve 
as teaching assistants. 

[he beginning courses in_ biology 
should be taught by those department 
who are richest in experi- 
ence, enthusiastic about their 
subject, most effective in exposition, 
and most interested in students. ‘These 
individuals should also have an under- 
standing and sympathetic and cordial 
relations with other disciplines and 
departments. 


nembers 
most 


rhe college teacher should make sys- 


tematic observations on science clas- 


ses in elementary — schools, high 
schools, and other colleges, including 
teacher education. His observations 


should be used to translate properly 
the educational requirements of the 
students at all levels and to commu- 
nicate these needs to the people re- 
sponsible for educational programs. 
Sabbatical study and 

ravel or special assignments should 

e provided with subsidy. Regular sab- 
batical leaves or short leaves should be 
itilized by teachers, when appropriate, 
tro engage in field studies. 


leaves for 


Regularly scheduled meetings of col- 
ce teachers should be held, not only 


vithin departments, but also on an 
inter-divisional or inter-school 
for discussion of instructional object- 
organization, 
provisions 


basis, 
ves, curriculum course 
teaching methods, 
for various student groups and sim- 


content, 


ilar problems. 

leachers should be encouraged to or- 
attend summer _ institutes 
college teachers 


and 
und conferences for 


vanize 


in biology. 

leachers should be urged to operate 
continuing program of self-evalua- 

In the preparation of college teachers 
mphasis should be placed on the im- 

portance of providing a seminar or 

educational philoso- 

teaching methods, the 

problems confronting the college 


teachers. 


practicum on 
phies, 
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Great care should be exercised in the 
selection of college teachers. Once se- 
lected, a continuous program of im- 
provement, including remedial meas- 
ures, should be required. 
Strong and concentrated effort should 
be made to develop film and television 
programs to complement “live” teach- 
ing as well as for popular consump- 
tion. Through this medium, high qual- 
ity lectures and demonstrations can 
be made available to all students. The 
instructor would then have more time 
and greater energy to devote to dis- 
cussion, tutorial, and laboratory in- 
struction on a student-teacher contact 
basis. 
Biological research, both directly and 
indirectly, contributes to the improve- 
ment of teaching. It dev elops the com- 
petence and enthusiasm of the staff 
and provides a stimulus for students 
brought into contact with the advanc- 
ing frontier of the biological sciences 
All programs which encourage the 
proper interrelationships and relevan- 
cies of research to biology should be 
encouraged. 
More of the individual teacher’s time 
can be directed toward teaching, if 
the number and variety of college 
courses can be reduced. It is urged 
that administrators and_ teachers 
closely scrutinize biological curricula 
in an attempt to reduce the number 
of courses, but at the same time, in- 
crease their quality. 


What types of advanced training (grad- 
uate training) for biology teachers can 
or should the colleges provide? 


RECOMMENDATIONS 


The Conference recommended: 


That the science consultants or super- 

visors should have the following qual- 

ifications: 

a. Ability to get along with people. 

b. At least a master’s degree with 
study at the graduate level in both 
science and education. 

c. Science teaching experience in a 
variety of schools, some of it re- 


cent. 
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d. Substantial training in science (bi- 
ological, physical, and earth sci- 
ences ). 
That the taking of desirable courses 
by the teachers be facilitated by the 
scheduling of such courses in cycles 
so that the teacher can make long 
range plans. 
That colleges should offer a wider 
variety of courses designed for in- 
service teachers during summer ses- 
sions. If a course is unavailable at the 
institution, students should be per- 
mitted without penalty to go else- 


where for it. 

[hat field experience, preferably at a 
biological station, be required. 

[hat courses be designed which bear 
directly on teaching problems, vet 
offer opportunities for reviewing and 
emphasizing basic knowledge; e.g., 
of the Urban 


Advances in 


Environment, 
Sci 


Biology 
Recent 
ences. 


Biological 


[ hat colleges provide courses at the 
gr aduate level which are introductory 
in nature to fill gaps in the teachers’ 


previous preparation These should 
not be undergraduate classes, but for 
graduate students, and taught by a 
member of the graduate faculty. 


available facilities 
under 


That colleges make 
and CO 
qualified direction, special investiga- 


materials encourage 


tions by high school teachers. 


[hat academic, industrial, and gov- 
ernmental research laboratories hire 
biology teachers as summer em- 


ployees 
[hat colleges should provide liberal 
library privileges to all teachers in 
their 


[hat programs for advanced training 


areas. 


of teachers be set up in subject matter 
departments with complete inter-de 


partmental cooperation. pro- 
grams should be recognized by edu- 
cational authorities for meeting ad- 
vancement qualifications. This need 
not necessarily lead to the present 


master’s degree. 
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TEACHER 
Teacher Education 
What constitutes a 
for the preparation of a 
| fow 


desirable program 


prospectiy e bi- 


ology teacher? can teachers be 


prepared for the wide spread of topics 
they 


or courses will be required to 


teach? Is there a need for a senior in- 
tegrating biology course? Should the 
college biology program attempt any 


sort of integration with physical sci- 
ences Although the Conference rec- 
ognized that it will be difficult to in- 


clude in a four year program all that is 


desirable, was agreed that a realistic 
view of te: etn education required the 
to think in 


fact, 


conference terms of a four 


vear program. In area content 
rather than specific course hours may 
be a desirable approach to teacher edu- 


cation. 


RECOMMENDATIONS 

The following were recommended as 
minimum requirements in the training of 
teacher. 
that, 
allowing fot 
related 
(Specific courses 


an effective high school biology 
Lhe 


whenever possible, 
certification in 


Conference recommended 
courses 
other sciences or 
taken. 
and fields must, of 
light of 


the state involved. ) 


fields should be 


course, planned 


the certification requirements of 


In order t provide 


the best possible preparation in a foul 


year program, the Conterence recom 


mended that the prospective high school 


biology teacher have: 


1. A college major (1.e., a minimum of 
24 semester hours) in the biological 
sciences, to include one year of gen- 
eral biology, or equiv: alent courses in 


general botany and general zoology 
(incorporating the subject matte! 
areas, morphology, taxonomy, phy 


and health ecology and con- 
heredity 
evolution and paleontology ), with 

least of the total content 
devoted to plant science. Course work 


first vear should include 


siology 
servation, and 
one-third 


beyond the 
field studies. 


[he above recommendation essentially the 
as that of the Southeastern Conference, 1954, 
Vol. 17. No. 1 


Volume ia No. 


Suitable subject areas which should 

be included are: 

1. Chemistry, with laboratory work. 
It was recommended that this 
work include organic chemistry as 
it applies to living things. 

b. Physics with laboratory work. 

c. Earth science, including the study 
of soils. 

d. Mathematics, including the study 
of the fundamental concepts as 
well as the munipulative processes, 
in order to enable the student to 
best understand the applications of 
mathematics. 

\ course in materials and methods of 

teaching high school biology is 

strongly recommended. Professional 
education courses should include ex- 
perience in the following areas: 

4. The nature of the learning process. 

. Human growth and development. 
Professional labor: atory experl- 


~ 


ences. 


1. Interneship. 
Group dynamics. 


Ihe secondary — school program 
(the role of the school in society, 
curriculum, history and philoso- 
phy of education, and the like). 
g. Testing and evaluation. 
\ppropriate | general education courses 
humanities, social sciences, and com- 
munication skills) required of other 
high school teachers. 
BACKGROUND: 
leachers cannot be prepared for every- 
ing, but the colleges can prepare them 
for the problems they are most likely to 
encounter in their first teaching po- 
itions. They can introduce the teachers 
such reference material and to many 
nethods of handling class, field, and 


boratory work. 


RECOMMENDATIONS: 

Ihe subject matter course work of 
the prospective teacher should contain 
wide a spread as possible within es- 
tablished credit-hour limit for the major 
the minor. 

a. This can be carried out more 


easily in schools utilizing the quar- 
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ter system, but it can be facilitated 
under the semester plan by reduc- 
ing credit hours for specific 
courses so that as many as possible 
of them may be included in the 
student’s program. 

b. A similar result may be achieved 
by replanning courses offering a 
higher number of credit hours so 
that they will include rere 
units giving the desired spread. A 
senior integrating biology course, 
possibly of seminar type, for col- 
lege majors or minors may well 
serve the function of focusing at- 
tention of the fundamental con- 
cepts of biology. In the absence 
of a specific integrating course, 
such a course as ecology, based on 
fundamental concepts and involv- 
ing critical thinking, might fill the 
need to a large extent. 

As to integration with physical 
sciences, the Conference makes no 
recommendation concerning uni- 
fied courses which cover both bi- 
ological and physical sciences. 
Whether or not such courses are 
organized is a matter for each 
college. It is recognized, however, 
that it would be impossible to 
teach biology without consider- 
able integration with the physical 
sciences, life processes being es- 
sentially physical and chemical i 
nature. 

What is the best distribution of subject 

matter satisfying the generally 

adopted minimal requirements for cer- 
tification? 

RECOMMENDATIONS: 

We must move as rapidly as possible 
toward the time when only those with 
the equivalent of a major in the field 
teach biology. In view of the present 
shortage of science teachers we must 
also recognize that many classes will be 
taught by those with minors or less. The 
minor program must therefore be de- 
signed to teach a maximum of funda- 
mental biology within the allotted time. 

Upon this foundation the college bi- 
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logy courses should build a balanced 
nowledge in terms of: 
The plant and animal world with 
field methods, laboratory methods. 
Use of literature 
Critical thinking. 
How can secondary school in-service 
programs sponsored. or assisted by col- 
leges and college personnel be made 
available to hi: zh school biology teachers 
and students? 


RECOMMENDATIONS: 
he Conference recommended: 

[hat biologists in colleges, univer- 
sities, industry, government, and re- 
search institutes recognize that they 
have a major personal responsibility 
for working with high schools. 

[hat college administrators should 
recognize cooper: ative work with high 
schools as a proper part of the college 
biologist’s activity, relieving him from 
other assignments in accordance with 
the time devoted to such capacity. 
Chat biology departments use open 
house programs, career days, science 
days, and similar devices to introduce 
junior and senior high school students 
and their teachers and parents to the 
institution’s educational and research 
program and opportunities in biologi- 
cal sciences. 

That pre- -college apprenticeship pro- 
grams, in which high school students 
have a to work inten- 
sively for periods of a week or two 
during the school vear, or 2n entire 
summer, with active scientists in re- 
search institutes, biological stations, 
universities and colleges be expanded. 
[hat assistance for school camping 
programs be given students and 
teachers by colleges. 

That extension services provide a 
larger number of courses in the bio- 
logical field at appropriate times. 
That properly organized workshops 
and work conferences, which are 
comparable in length and quality to 
standard courses, carry full credit. 


What are desirable provisions for teach- 
ing science methods courses? 
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RECOMMENDATIONS: 


The instructor of a science methods 

course: 

a. Should have training and experi- 
ence as a high school biology 
teacher. 

b. Should have had __ professional 
knowledge in methods and prob- 
lems of teaching, and educational 
psychology. 

c. Should visit the students in their 
practice teaching. 

d. Should keep up to date in con- 
tacts with high school biology 
classroom activities and textbooks, 


There should be: 

a. Complete cooper: ation at all points 
in the preparation of prospective 
teachers. 

b. \greement in the objectives and 
purposes of the training program, 
both academic and professional. 

c. Dual counseling by fields 
with competent counselors. 

d. An educational psychologist as a 
member of the team responsible 
for teacher education. 

e. A following program for begin- 
ning teachers by the colleges to 
evaluate progress and determine 
problems in order to lend assist- 
ance. 

f. Teacher load calculation to give 
time for evaluation of students 

\lembers of science departments: 

a. Should be available for counseling 
and encouragement. 

b. Should invite teachers back to par- 
ticipate in seminars and to present 
problems in methods courses. 

The conference wished to reempha- 

size the urgency of establishing good 

working relationships between the 
subject matter specialist and the pro- 
fessional educator; without such re- 
lationships it is difficult to develop 


an effective special methods course. 
Extra compensation should be given 


for extra work. 
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‘Melding” 


for final approval. 


IV’. State Departments and/or Other Major 


dmunistrative Units 


BACKGROUND: 

\ cooperative state plan for improv- 
ing biology teaching is needed in all 
states. The state department of education 
is an important facilitative agency. Other 
agencies that should be considered are in- 
stitutions of higher education (public and 
private), professional educational organi- 
zations, scientific societies, and_ biol- 

Og 1STS. 

\. What basic services could adequately 
staffed administrative units render to 
teachers of biology at all levels? 

B. How can we improve certification? 
RECOMMENDATIONS: 

Local, intermediate (county and dis- 

trict) and state administrative units 

should plan to contribute as follows: 

a. Provide publications dealing with 
program evaluation, trends, prom- 
ising practices, use of materials, 
outdoor teaching, land manage- 
ment, annotated bibliographies of 
available curriculum bulletins, di- 
rectories, etc. 

b. Provide the organization, study, 
and leadership for cooperative cur- 
riculum development, preparation 
of publications, conferences, work- 
shops, and research efforts. 
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the recommendations of their four groups into the conference recommendations 


c. Provide much more consultative 


service. This consultative service 
should utilize cooperative tech- 
niques in working with schools 
and teachers. These services should 
be primarily on invitation. Consul- 
tants should be specialists pri- 
marily in program development. 
Specialized help to biology teach- 
ers would be through: 
|.) Helping faculties and indivi- 
dual teachers to improve their 
programs. 


Helping cooperative com- 
mittees, where the committees 
set up the problem and the 
consultant helps the com- 
mittee to solve it. 


The help of biologists should be 
sought through professional edu- 
cational organizations, scientific 
societies, field services of institu- 
tions of higher education, and state 
agencies such as departments of 
agriculture, health, and conserva- 
tion. 
Every state should have an advisory 
committee on certification and teacher 
education. Mixed study committees of 
college specialists, teachers, and the 
lay groups should be set up to review 
certification requirements for biology 


| | 
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Recorders Hall, Matala, Mulaik and Smith reading their group recommendations to the conference members 


for 


consideration. 


Director Weaver and four 


chairmen 


Baker 


Wareham, Breukelman and Phillips record 


the suggestions of the members. 


the job 
combina- 


teachers. Research studies of 
requirements and teaching 
tions should be made. 
General administrators, department 
and experimental teachers 
should all assume professional respon 
sibility for — teachers who need 
help. Such nade 
known to all teachers. 


heads, 


1 policy should be 


The present situation in which over 


half of the classes in biology taught 
by teachers who have an inade- 
quate education in biology should be 
remedied through the following meas- 


had 


ures: 

institutions 
their 
and their 
general education. 


educating 
re-examine 
biology 


a. Teacher 
should 
minor in 
grams of 


teaching 
pro- 


b. Local administrators should 
teachers as efficiently as possible. 


assign 


c. State departments of education 
and accrediting agencies should 


encourage careful assignment of 


. 


teachers. 


d. The total program of the begin- 
ning teacher through the fifth vear 


4i 


6. 


should be 
in at 
teaching major in biology. 


planned as to result 
least the equivalent of a 
[he adoption of the five year period 
the certificate of 
should be 
this 


of preparation for 


the highest orade en- 


couraged by biologists. In 


way 
curriculum competition in the college 
will be reduced, teaching experience 


can be utilized maturing the 
teacher, and more adequate subject 
matter preparation would be possible. 


Accommodation to supply and de- 


mand should be a responsibility of 
state departments of education but re- 
quirements for certification 


should be held to the highest possib rle 


special 


level. 

Attempts should be made to have the 

problem of improving biology teach- 

ing considered 

a. The 
tional Council of 
School Officers. 

b. Ihe regional workshops of NCC- 
SSO, and 

c. The annual workshop of the Con- 


State Consultants. 


annual conference of the Na- 
Chief State 


ference of 
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Part III: Summary of Action Recommendations 
Of State Teams 


leach 


G. ROBERTI 


KOOPMAN 


Associate Superintendent 
\lichigan Dept. of Public Instruction 


idations of State Teams 
Education and Certification 


Send out questionnaire based on 


the workshop report to ascertain 
how colleges conform to minimal 
equirements in biology as recom- 
nended by this conference. 

Improy e the total pattern of teacher 
education in own institution. 

\lake practice teaching more than 
a simple apprenticeship experience. 
This would involve joining with 
teacher educating institutions in set- 
ting up genuine internship 
orams. 

Plan a basic course in biology of 
in interdepartmental nature where 
necessary. 

Report to the State Committee on 
leacher Education and work with 
them in formulating recommenda- 
tions in line with the report. 

\sk the deans of instruction in state 
colleges to implement the recom- 
nendations in the report. 

Carry the recommendations of the 
workshop to the authority that 
certifies teachers in the state. Then 
work with and through that author- 
ity to study problems of institu- 
tional pattern, instructional method, 
ind minimum requirements. 
\rrange for a cooperative consulta- 
tion service for institutions of higher 
education wishing to improve their 
teacher education programs. 


Improvement of the Instructional Pro- 
gram through Curriculum Dev elopment 
ind In-Service Education 


\rrange to have a representative of 
each school attend the annual meet- 
ing on instruction called by the 
State Department of Education. 


b. 


g 


Arrange a meeting of the heads of 
the science departments and repre- 
sentatives of the college of educa- 
tion at the state university. 
Arrange short local conferences on 
Saturdays or ev enings (these might 
be sponsored by local colleges and 
universities ). 

Every conference participant should 
go home and put into practice at the 
local level ideas agreed upon here. 
Publish an article on biology teach- 
ing in the state education journal. 


Call on the educational head of the 


state and his staff (especially cur- 
riculum coordinators) to report on 
the workshop, and plan follow-up 
activities. 

Every workshopper should present 
the results of this conference along 
with implications to his own 
faculty. 

Organize a state committee on the 
improvement of biology teaching. 
Those who attended this conference 
would be the nucleus of this com- 
mittee. 

The teacher responsible for methods 
courses should give consultation 
time to high school teachers in the 
area served by his institution. 

Set up a state summer workshop 
the field situation centered around 
problems such as curriculum, evalu- 
ation of textbooks, laboratory and 
field techniques, and audio-visual 
materials and methods. 

Support the state curriculum com- 
mittee or committees responsible for 
the advancement of secondary edu- 
cation. 

Make a study of the biology cur- 
riculum needs in the state. 
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Ask industries in the state to help 
support conferences and workshops. 
Arrange a state leadership confer- 
ence to develop leadership and plan 
for regional conferences. 
Report the findings of the workshop 
to state curriculum and course of 
study committees. 
Wherever possible relate the teach- 
ing of biology to the programs ot 
the State Departments of Conserva- 
tion, Health, and other agencies. 
Ask the State Department of Edu- 
cation to disseminate a list of avail- 
able textbooks in the subject area. 
Call a state meeting of key biology 
teachers for the purpose of present- 
ing the workshop findings to them. 
Ask the State Department of Educa- 
tion to call section meetings of high 
school and college biology teachers 
to discuss the report and to set up 
committees to study its implications. 
Ask the State Department to make 
a survey of audio-visual aids, printed 
matter, and other materials from 
state sources and to publish a list 
of useful materials. 
Strengthen the communication be- 
tween the teachers in one 
system and teachers in other school 
systems who are trying to improve 
done 
conferences, 


school 


teaching. [his could be 
through workshops, 
newsletters, etc. 

Organize a state curriculum com- 
mittee on science and mathematics, 
and set up a curriculum study in 


these areas. 


General Administrative Measures 


Support the programs of the Future 
Teachers of America. 

Organize a section on science edu- 
cation in the State Academy of 
Science and Arts. 

Strongly support the improvement 
of local sal: ary schedules throughout 
the state. 

Help plan better types of salary 
schedules. 

Advance salary scales so that biol- 
ogy teachers will be encouraged to 


work out majors in biology. 
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Publicity 
a. 


b. 


January 1956 


Urge the Junior Academy to con- 
tinue the science 
Abolish state scholarship tests in the 
field of biology. 

Ask the president of the land grant 
college of state university to pro- 
vide consultant service to biology 


“talent search.” 


teachers. 
\rrange for 
the scientists of the state and the pro- 
fessional organizations of teachers. 
\rrange 
available in an area around each of 
the state colleges and their neighbor- 
ing private institutions. 

and Information Services 
Communicate through the state edu- 
cational journal. 

Communicate through the state 
publication of the Congress of Par- 
ents and J eachers. 

Carry news of the conference to the 


cor yperat ion betw een 


a consultant service to be 


science consultants in school SVS- 
tems. 

\rrange for pub licizing the work- 
shop through regional meetings of 
the state teachers association. 

Get information about the work- 
shop results to beginning teachers 
through heads of biology depart- 
ments. 

Have the NABT send copies of the 
final report to key people in the 
state, especially members of the 
State Department of Education 
and college and university 
nel engaged in preparing teachers of 


perse 
biology, superintendents of 
schools. 

Reports on the 
voluntary groups such as Chicago 
Biology Round- lable, ¢ ‘atholic Sci- 
Association, and 


workshop before 


ence leachers 
State Academies of Science. 

Circulate the entire conference re- 
school and 


port to high college 


teachers of biology. 

Supply the newspapers with an ade- 
quate publicity release. 

\rrange a report of the workshop 
through the State Conservation De- 
partment house organ. 
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n- :. Ask the universities in the state to 
distribute summaries of the work- 
he shop findings. 
B. Comments on the Recommendations 
0 [he bringing together of such a fine 
ry group of biology teachers and others in- 
| terested in improving the teaching of bi- 
en ology is in itself a major event. The sincere 
0 and 1 ntelligent participation of all was very 
. impressing. As an administrator interested 
be in program improvement the author wel- 
of comes any sincere attempt of any group 
,! to improve teaching no matter how critical 
that group may be. Everyone, including 
idministrators, must recognize the need for 
u good programs in all scientific fields. 

Lhe second comment deals with a matter 
ite often alluded to in the conference, but not 
i crystallized—the need for really profes- 

sionalizing teaching. We are facing a great 
he shortage 0 all teachers. This shortage calls 
for a ies decision—either we must up- 
grade the profession or degrade it. We 
\ must ask for high salaries and a share of 
O the best of American youth to serve the 
profession or we must settle for low sal- 
7 aries, teacher helpers and the lower portion 
of the barrel. The choice we make will be 
fundamental not only to the profession of 
teaching but also to our culture. 

\nother comment refers to the confu- 
; Sit xpressed concerning ways of improv- 
Ing in this field. setter progress 
zs be made if here and now we recognize 
: the problem as centrally a problem in cur- 
iculum development—a problem to be 
‘: solved through improving the program of 
’ the American high school and the teachers 

ho handle 
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Possibly a comment on the field services 
of institutions of higher education may 
help. This year as colleges face increased 
enrollments the question “of the further in- 
crease in field services will be questioned. 
[he tendency to increase the services is 
still with us. If we want teaching interne- 
ships and more consultative services then, 
it seems, that we should say so. We should 
spell out the services needed to improve 
the teaching of biology in each state. My 
guess is that most administrators will wel- 
come demands in this field. 

While pressure should be placed at the 
crucial points, separate approaches to the 
problem of program improvement by sub- 
ject. matter groups operating unilaterally 
must be questioned. Such drives for status 
usually result in some good and some dis- 
locations. They often result in bad starts. 
Biologists should be able to accept the 
grand strategy of working with others to- 
ward a common, humanistic, general edu- 
cation. Maybe they should j join forces with 
mathematics and the other sciences, both 
physical and natural. Or better vet, they 
should join with all other forces w anting 
to improve the culture and functioning of 
the American community school. No sci- 
ence instruction nor, indeed, any other 
kind will thrive in a school culture oriented 
to superficial instruction and comic books. 
Actually the American people are proceed- 
ing ponderously but—in time units of so- 
cial change—swiftly toward the creation of 
a folk school that’ will through serving all 
\merican youth maintain and enhance the 
culture. Scientific behavior is an essential 
ingredient of that culture. Without it we 
can do no better than to decay. 


THE CONFERENCE. 


Secretary Betty Breukelman, 
Senior, Kansas State Teachers 
College 


of Michigan 
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The National Science Foundation 


Whether we like it or not, it is an un- 
assailable fact that science and technology 
have become the hallmark of our era. Even 
more to the point—they 
have become very 
foundation of our own par- 
ticular national wavy of life. 
Science is no longer a tran- 
quil ivied-tower pursuit re- 
moved from the ken of 
everyday life, its impact, 
both realized and potential, 
on society is a matter of 
utmost importance. Par- 
ticularly is this so in these 
days of international semi-hostility. 


Recognizing these things, the Congress 
created the National Science Foundation in 
1950 and authorized and directed it “to de- 
velop and encourage the pursuit of a national 
policy for the promotion of basic research 
and education in the sciences.” This, then, is 
our mandate. The creating Act also identifies 
certain specific things w hich we in the 
Foundation may do and, within broad limits, 
specifies certain parameters w hich we should 
not exceed. We are authorized to support 
basic scientific research, to foster the inter- 
national exchange of scientific information, to 
award fellowships and scholarships in science, 
and to assess the role of science in national 
affairs. We are further directed to play a 
role among the \ arious agencies in stimluating 
both public and private, in matters of science 
and science education. Some of the broader 
and more challenging activities of the Founda- 
tion have been centered in our Division of 
Scientific Personnel and Education. I am a 
member of that Division. Let me say, however, 
that I use the word “centered” deliberately 
because through the entire Foundation staff 
there runs a current of keen interest in science 
education matters. 

One such program is the Scientific Man- 
power program whose function is to find out 


in general what kinds of scientists there are, 
who they are, where they are, what they can 
do, and how many of what kinds are needed 
under given conditions. A second program is 
the Fellowship Program. The staff of the 
fellowship group try to see as a whole the 
fellowship- scholarship movement and to ad- 
vise appropriate action progr: ams to meet the 
more difficult problems that are beyond the 
scope of other groups. Awards are made, ac- 
cording to statutory requirement, “solely on 
the basis of ability” and are given in such a 
way as to achieve equitable distribution 
according to field and level of study and 
geogr aphic distribution of permanent resi- 
dences of eure — March we offered 715 
predoctoral and 7 Q postdoctoral awards. F el- 
lows may study at any accredited non- profit 
institution of higher le: arning in this country 
or approvy ed institutions abroad. 
A third group in our division ts called the 
Education in the Sciences Program. Because | 
suspect the activities of this group are of great 
interest to most of you, | shall attempt to 
describe them to you somewhat more fully 
than those of the other programs. You will 
note the breadth of interests implied by the 
program name—Fducation in the Sciences. 


Studies have shown that of the top quarter 
of graduating high school seniors only about 
half continue into higher education. While by 
no means all of the half who do not continue 
cag eventually to achieve their capacities, it 

1 lamentable fact that many do. Beyond a 
phere both the individuals and society would 
gain if more of these people were to continue 
their education for a longer period. Why they 
do not continue is thus a matter of prime 
importance. ‘The traditional answer to_ this 
problem has been money. Yet we now feel 
certain, that although money is important, 
there are other factors meriting serious at- 
tention. One of these is motivation. And this 
is not unrelated to financial resources. What 
one potential college student may regard 
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insufficient money to warrant beginning a 
college career may be more than adequate 
for another. Why? Clearly the strength of an 
individual’s desire—his motivation—for a col- 
lege education is a controlling factor. It has 
been stated repeatedly of late that today al- 
most any really able student who really wants 
4 college education can obtain one somewhere 
in our country. Be that as it may, the motiva- 
tion factor is important when we base the 
eventual success—perhaps even the survival— 
of our way of life on the skills and education 
of the » people. Putting it bluntly, the strength 
of a democracy is more or less proportional 
to the intelligence and education of its ad- 
[his being so, unrealized intellectual 

all fields of human activity are 
a matter of major concern to all of 


herents. 
resources 
properly 
US. 

But whence arises a strong motivation for 
higher education? All of us know that this is 
one of the most complex of human problems. 
We also know, (and this has been 
documented objectively ), that many successful 
people received their first strong motivations 
while in high school. True, pre-high school or 


however 


outside interests often had prepared the soil 
for proper § growth of the seed. But it was the 
teacher who planted that seed. Often a great 
number of productive careers have been traced 
to but one teacher—a teacher adept, stimulat- 
ing and If you will accept my 
stronger than that, my 
conviction—that the teacher quite literally sup- 
ports our civilization, then you may accept 
my conviction that the teacher is a key point 
of entry into the problems of increasing the 
realization of the intellectual potential of the 
nation’s youth. Perhaps } vou will forgive me if 


person: il belief—no, 


appear a bit trite and evangelic: al when | 
ee a further personal conviction that aside 
from the cloth there can be no higher, more 
praise-worthy activity than that of the teacher. 

It is appropriate at this point to examine in 
1 simple fashion the teaching process. Gilbert 
Highet once wrote to the effect that teaching 
is an individual art created, discovered, or 
developed anew by each teacher. I think most 
of us will agree that superior teaching skill 
stands on a tripod of characteristics—the in- 
born qualities of the teacher, his basic peda- 
gogic al training, and his subject matter knowl- 
edg ee. Now what does this abstraction mean 
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to us in the concrete? First, practically, we 
can do little about the inborn personal quali- 
ties other than to try to identify and recruit 
those having them. This is itself such an ob- 
viously worthy pursuit that I shall only men- 
tion it here. Second, schools and departments 
of education now offer to both teachers-to-be 
and in-service teachers a wide range of courses 
in professional pedagogical subjects. Most 
schools have attempted to gear their on-going 
programs in education to very practical ap- 
proaches. Gener rally, in-service teachers find 
available both advanced courses in profes- 
sional education and refresher courses in new 
methodology. These courses are usually 
tailored to the level appropriate and useful to 
the teacher. It is, of course, obvious that 
the training of teachers is the main business of 
a School of Education. I do not propose, how- 
ever, to embroil myself here in a debate on 
what is the most desirable amount of peda- 
ge ogical training that a teacher ought to have. 
Third, is the item of subject-matter knowl- 
edge. One of the most obstinate problems in 
the entire science education process is the time 
lag in the dissemination of new knowledge and 
understandings from the research laboratory to 
the classroom. Truly in this respect the sci- 
ence teacher faces formidable odds. Whole 
new chapters are being written daily in sci- 
ence’s technical reports. And because ‘the high 
school science classroom is normally the point 
where definitive science may first be taught, 
vet most remote from the research laboratory 
the time lag is often most apparent there. s| 
have been told, for ex ample, by some mathe- 
maticians who are personally familiar with the 
circumstances that most high school mathe- 
matics is at least 30 years out of date. Maybe 
so. | am not competent to pass judgment on 
that point. | am a biologist, however, and I do 
feel that much high school—and college— 
biology is somew hat antiquated. If you will 
recall now the significant role of the high 
school teacher in not only giving many per- 
sons their only training in science but in pro- 
viding both a solid foundation and instilling 
a strong motivation in those who may con- 
tinue to higher academic levels, you will 


realize immediately the singular importance 
of the high school teacher— subject matter 
problem. May I add that I do not for the 
moment suggest that the science teacher must 
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know all about the new frontiers of his or her 
own field—the achievement of such a con- 
dition is patently an absurdity—I do submit 
that a science teacher, in order to be the stim- 
ulating, informative mentor we need, 
given appropriate kind 
amount of subject-matter knowledge. 


must be 


access to the and 


Let me expand on this a bit more. It is not 
difficult to identify several important reasons 
why some high school teachers do not reach 
their full potential. First, many persons now 
teaching science were poorly trained when 
they began their careers as teachers. It has 
been an all-too-common pr: actice for college 
and university science departments to leave to 
the departments of professional education the 


responsibility for training potential teachers. 


Second, even many of those who were rela- 
tively well-trained as of the time they began 


teaching have lost touch with modern ad- 
vances in science. Financial limitations usually 
have precluded the possibility of effective re- 


fresher training. In an era when scientific ad- 


vancement is a matter of great interest to 
voung people, stimulating and challenging 


instruction demands that the teacher have 


some know ledge of recent developments. 


Third, many teachers ill- prepared to teach 
certain subjects are, by force of circumstances, 
\ pproxi- 


to teach those subjects. 
half of the high schools in the United 


mately 
States have faculties of seven or fewer per- 
sons. Especially in these smaller schools, one 


teacher may be expected to teach a number 
of different them only 
slightly related to the teacher’s earlier training. 
Science teachers are keenly aware of this sit- 
uation and often express the need for increas- 
ing their knowledge of the which 
they are required to teach but in which they 
do not regard themselves as fully competent. 


courses. some of 


sciences 


Although present standards of science in- 
struction are not as high as they 
there is overwhelming evidence that the sit- 
uation materially unless definite 
and effective steps a re taken to reverse present 
trends. The growing teachers, 
competent or otherwise, 1S becoming acute for 


could be, 


will worsen 


shortave of 


three reasons: 
A. The number of persons preparing to teach, 
especially in science subjects, is decreasing; 


B. There is an loss of teachers to 


increasing 
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occupations offering greater financial return 
and opportunities for growth; and 
C. The number of high school students is in- 


creasing rapidly owing to high birth rates 
in the period 1941 to present. 

Present production of teachers is less than 
enough to meet present attrition loss, much 
less than enough to effect an increase in effec- 
tive numbers. Thus, considerable pressure will 
be felt to still further the already 
modest standards of instruction. If we are to 
produce better trained students and more of 
them, it that 
attention (1) increasing the 
competence of ind future 
(2) inducing more persons to remain in teach- 
and recruiting more new 
teachers and re-recruiting experienced teach- 


low er 


seems imperative 
be devoted to 
present teachers. 


ing positions (3) 
ers who have left the profe ‘ssion. 


The difficulty we now face in recruiting 
and retaining adequate numbers of competent 
teachers may be largely attributable to finan- 
a are not 
pre ent 


which 


cial considerations. Low 
only important directly, 
teachers from engaging in 


will improve thei professional competence. 


pay 
but serve 
activities 


[hey are also an important deterrent to po- 
tential teachers and make the in-service teach- 
er receptive to offers of other kinds of em- 
ployment. In view of the demands of industry 
for technically trained persons, science teach- 
ers espe ‘cially are subject to more lucrative 
offers. For the present at least, it would seem 
outside the bounds of feasibility for the 
National Science Foundation to effect directly 
pay scales. 


National 


Foundation to establish several kinds 


an over-all increase in teacher 


It is possible, however, for the 
Science 
of programs W hereby an in-service teacher of 
science or mathematics would be provided 
funds to pursue a course of study in science 
designed to improve his competence as a high 
Further, 
tended to former teachers who indicate a de- 


school teacher. similar awards ex- 
sire to return to the profession would enable 


them to do so at an effective level 
of competence. It is possible that this factor 
alone—constituting in effect a kind of “fringe 
benefit” for the entire profession—would have 
at least a modest impact on reducing science- 
teacher attrition and in increasing the motiva- 


tion of able young persons tow ard careers in 


many of 


teachin 


science An appropriately designed 
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program would also serve to focus public at- 
tention on the teacher problem. There may 
rhus ensue an increase in teacher prestige and 
a small additional step would be made toward 
achievement of that degree of public aware- 
ness that must necessarily precede an improved 
economic status for the teacher. 

\ssuming that it 1s desirable to try to effect 
an increase in the scientific know ledge of high 
school teachers, it is then pertinent ‘to inquire 
whether suitable programs are now in exist- 
ence Which might provide teachers with the 
requisite tr aining. Many teachers presumably 
not be se eking advanced degrees in sci- 
ence fields nor could they, in most cases, be 
considered as having training equivalent to 
that of the usual science department graduate 
\nd, since their programs of study 
should be directed primarily toward science 
rather than toward additional intensive study 
in professional educational subjects, they prob- 


would 


student 


ably should not be classified as graduate stu- 
dents in education. Nor would they be equiva- 
principle or in fact, to undergraduate 

Thus their position would be an 
[here is a need, therefore, for 
special kinds of subject matter courses de- 


lent, in 
students 


momatious one. 


signed—o1 adapted—to meet the needs of these 
teachers. There are relatively few institutions 
in which this kind of program exists. There 
re a number, however, in which the need here 
outlined is being felt and in which some sort 
of a program is being sponsored or 
yianne 

\nd now, how has the National Science 


Foundation implemented this rationale? 


One important way is to cooperate with 


various colleges and unin ersities in dev eloping 
special subject- matter programs offering spe- 
cial training in various sciences or likely com- 
binations of sciences. These are summer pro- 


1 length from four to eight 
wer [he teaching st: affs are carefully chosen 
knowledge of science and_ their 

convey that know ledge in a way 
meaningful to and usable by the teachers who 


orams and vary in 


rol 


ability to 


come to learn. Some of these Summer In- 
stitutes, as we call them, are for high school 
teachers, some for college teachers and some 
ire, to a degree, inter-locked combinations. 
Fach is in its own way uniquely designed. We 
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have been able to support a number of these 
and their success has warranted a growth of 
this program. This summer we are supporting 
about a dozen; next summer we hope to be 
able to support about 20. 

We are also supporting an experimental pro- 
gram of visiting lecturers to see if this will 
be an effective approach. 

We are encouraging schools in every w ay 
appropriate to a Federal agency to look at 
their own on-going programs of training 
teachers-to-be and in-service teachers with a 
view to devising more effective methods. We 
have reason to believe that as more and more 
institutions gain experience with summer in- 
stitutes, they are incorporating that experi- 
ence into their regular efforts. 


We also concern ourselves about curricula 
and resource materials and have supported 
pilot efforts in these directions. 

We also spend an appreciable amount of 
program money in supporting fact- finding 
studies upon w hich we may be able to measure 
the effectiveness of present programs and 
structure future ones. We are presently study- 
ing, for ex ample, the feasibility of establishing 
some year- long institutes. Like our present 
summer institutes these may have provision 
for offering financial assistance to participants. 

'n conclusion let me say that the Foundation 
does not—indeed, can not—operate in a vacu- 
um. We consider our role to be essentially that 
of supporting the scientific and academic com- 
munities. To play this role successfully we 
constantly solicit the advice of those com- 
munities. We listen constantly for single dis- 
senting voices as well as for majority opinions; 
we are not so naive as to think that all the 
good ideas arise within our own walls. If we 
are to be able to help you effectively, you 
must be willing to tell us where help is most 
needed. This is one of the reasons we could 
support this conference. We shall pay serious 
heed, I assure you, to your deliberations. 

It is especially gratifying to be able to sup- 
port an assemblage of this sort where high 
school and college teachers, educational ad- 


ministrators and subject matter specialists meet 
on common ground to consider what we must 
agree is a matter of mutual concern. Such co- 
onerative enterprises augur well for the future. 
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